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PREFACE. 


By  Joseph  A.  Holmes. 


The  perpetuation  of  the  supply  of  anthracite  coal  in  Pennsylvania 
is  a  national  as  well  as  a  State  problem.  Any  investigation  that 
shows  how  larger  percentages  of  this  coal  may  be  saved  in  mining, 
without  excessive  cost,  and  without  dangerous  subsidence  of  the 
overlying  surface  ground,  has  a  national  as  well  as  a  local  interest. 

Messrs.  Conner  and  Griffith,  who  conducted  the  investigations 
described  in  this  report  largely  for  the  city  of  Scranton,  are  consulting 
engineers  for  the  Bureau  of  Mines  for  investigations  similar  to  those 
they  have  already  made  in  connection  with  their  Scranton  work; 
and  this  report  is  published  by  the  bureau  in  response  to  numerous 
requests,  because  of  the  fact  that  the  information  it  contains  will 
prove  useful  in  the  general  solution  of  similar  problems  in  many  of 
the  country's  coal  fields. 

A  study  of  the  accompanying  maps  will  show  that  the  city  of 
Scranton  is  underlain  by  11  separate  beds  of  coal,  varying  in  thick- 
ness from  2  to  24  feet.  It  is  estimated  that  before  mining  opera- 
tions were  begun  these  beds  of  coal  contained  underneath  the 
present  city  limits  of  Scranton  600,000,000  tons  of  coal.  The  27 
collieries  operating  within  the  city  limits,  working  independently 
of  each  other,  had  excavated  and  removed,  up  to  March,  1911, 
an  aggregate  of  198,000,000  cubic  yards  of  coal  and  accompanying 
rock,  or  3,000,000  cubic  yards  more  than  the  total  amount  of 
material  excavated  and  to  be  excavated  by  the  United  States  in 
constructing  the  Panama  Canal.  This  fact  illustrates  something  of 
the  magnitude  of  the  problem  that  the  city  of  Scranton,  with  the  aid 
of  these  engineers  and  of  a  special  commission  or  advisory  board, 
has  undertaken  to  solve.  The  excavation  has  included  177,000,000 
tons  of  coal  and  44,000,000  tons  of  rock  and  accompanying  refuse. 
This  leaves  about  420,000,000  tons  of  coal  still  to  be  removed. 

As  a  result  of  other  investigations  and  of  experience  in  adjacent 
anthracite  mines,  Messrs.  Conner  and  Griffith  and  the  advisory  board 
of  engineers  have  advised  that,  as  far  as  may  be  necessary  to  prevent 
dangerous   surface  subsidence,    the   spaces   remaining   beneath   the 
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city  of  Scranton  from  the  excavation  of  the  above-described  material 
should  be  filled  with  sand  and  other  materials  by  flushing  or  other 
processes.  This  operation  is  expensive,  but  it  is  believed  to  be  not 
beyond  the  reach  of  what  is  practicable,  nor  in  excess  of  the  value  of 
the  coal  that  may  be  removed  and  the  amount  of  damages  that  may 
result  from  the  caving  in  of  the  surface  if  such  a  plan  is  not  carried  out. 

No  one  realizes  so  fully  as  do  the  authors  of  tins  report  the  need  of 
additional  tests  and  other  investigations  before  the  data  now  pre- 
sented by  them  can  be  fully  accepted  as  sufficient  for  all  purposes  in 
the  solution  of  the  problem;  and  it  is  expected  that  at  some  early 
date  a  more  extensive  series  of  similar  tests  can  be  made  by  the 
Bureau  of  Mines  under  the  supervision  of  Messrs.  Conner  and  Griffith 
on  a  larger  scale  and  under  a  greater  variety  of  conditions. 

The  field  examinations  made  for  the  Bureau  of  Mines  by  N.  H. 
Darton,  winch  are  described  briefly  in  a  chapter  of  tins  bulletin  and 
will  be  discussed  at  length  in  a  bulletin  to  be  published  later,  indicate 
the  extent  and  distribution  of  the  sands,  gravels,  and  other  materials 
in  the  Scranton- Wilkes-Barre  district  available  for  flushing  purposes 
if  further  tests  indicate  their  relative  merits;  and  it  is  expected 
that  the  relative  merits  of  these  different  materials  will  soon  be 
tested  under  such  conditions  as  will  furnish  the  desired  information. 
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By  William  Griffith  and  Eli  T.  Conner. 


LETTER    OF    TRANSMITTAL. 

To  th<  honorable  Mayor  and   Council  of  the  City  of  Scranton,  and  to 
tin  Board  of  Control  of  the  Scranton  School  District: 

Gentlemen:  Th  rendering  to  you  the  following  report  upon  the 
mining  conditions  under  the  city  of  Scranton,  with  observations  and 
recommendations  for  the  amelioration  of  the  same,  we  feel  that  an 
apology  is  due  for  the  voluminous  proportions  of  the  document.  We 
trust,  however,  that  you  will  consider  the  magnitude  of  the  subject, 
and  the  manifest  necessity  under  the  circumstances  of  sacrificing 
brevity  for  clearness. 

We  have  considered  all  the  phases  of  the  question  in  hand  as  fully 
and  thoroughly  as  possible,  having  not  only  exhausted  all  the  sources 
of  present  information  available  to  us,  but  having  made  many 
tests  and  experiments  as  to  the  strength  of  materials  and  the  effi- 
ciency of  roof-supporting  devices,  both  those  at  present  in  use  and 
those  originated  by  us.  We  may,  therefore,  perhaps  be  pardoned  for 
felicitating  ourselves  with  the  consciousness  that  the  whole  question 
has  been  investigated  and  is  herein  considered  with  all  the  complete- 
ness which  our  ability  and  limitations  would  permit. 

We  desire  to  express  our  appreciation  of  the  pleasant  and  courteous 
manner  in  which  all  the  mining  companies,  including  managers,  super- 
intendents, and  inside  officials,  and  the  officials  of  the  Fritz  engineer- 
ing laboratory  of  Lehigh  University,  have  assisted  us  during  the  prog- 
ress of  the  investigation,  for  without  this  cordial  cooperation  this 
report  could  not  have  been  submitted  in  its  present  completeness. 
Our  acknowledgments  are  also  due  to  and  on  account  of  the  treat- 
ment accorded  us  by  the  officials  of  the  city  and  board  of  control,  by 
the  press  and  the  public,  and  to  Mr.  S.  N.  Callender,  for  the  use  of  his 
copy  of  the  city  atlas.  Also  to  the  members  of  the  advisory  board, 
for  the  care  and  enthusiasm  with  which  they  have  considered  this 
report,  and  for  their  practical  suggestiors,  which  are  incorporated 
herein. 

Very  respectfully, 

Wm.  Griffith, 
Eli  T.  Conner. 

Scranton,  Pa.,  March  20,  1911. 


SUMMARY. 

We  would  summarize  our  findings  as  follows: 

The  report  is  accompanied  by  plates  which  present  a  full  set  of 
plans  of  the  city  of  Scranton  and  the  mine  workings  thereunder,  and 
also  cross  sections  showing  the  positions  of  the  several  beds  of  coal 
and  the  intervening  strata.  From  these  plates  one  can  readily 
determine,  at  almost  any  given  point,  the  depth  of  the  coal  below  the 
surface,  the  thickness  of  the  beds,  and  the  thickness  of  the  interven- 
ing strata,  since  all  of  the  plans  are  drawn  to  scale.  These  plates 
should  be  carefully  studied  in  connection  with  the  report  and  tables. 
As  provided  for  in  our  contract,  these  plans  are  based  upon  informa- 
tion obtained  from  the  maps,  records,  and  data  loaned  to  us  by  the 
several  mining  corporations,  the  Pennsylvania  geological  survey  of 
1885,  and  from  our  own  personal  investigations  and  measurements. 

It  will  be  noted  that  the  coal  basin  underlying  the  city  is  wide  and 
comparatively  shallow,  so  that  the  coal  beds  and  the  intervening 
strata  are  comparatively  flat,  by  reason  of  which  fact  the  artificial 
pillars  that  may  be  inserted  are  not  at  all  liable  to  slip  or  move  on 
account  of  the  dip  of  the  seams.  The  only  part  of  the  coal  measures 
underlying  this  city  where  there  is  an  excessive  dip  is  along  the  West 
Mountain,  where  pitches  as  steep  as  50°  are  found.  There  is  only  a 
small  part  of  the  surface  underlain  by  such  pitching  seams  that  car- 
ries important  improvements,  namely,  in  the  vicinity  of  No.  23 
School  and  what  is  locally  known  as  the  "Notch." 

After  about  40  days  of  careful  inspection  of  underground  condi- 
tions at  all  of  the  collieries  operating  witlnn  the  city  limits,  we  find 
that  the  total  quantity  of  coal  and  refuse  that  has  been  extracted 
under  the  city  of  Scranton  is  about  221,000,000  tons. 

There  has  been  produced  for  market  from  the  27  collieries,  177,000,- 
000  tons  of  coal. 

The  space  excavated  under  the  city  is  about  198,000,000  cubic 
yards.  The  total  estimated  excavation  by  the  United  States  for 
the  Panama  Canal  is  195,323,000  cubic  yards. 

It  must  not  be  understood  that  the  hole  from  which  the  above 
material  has  been  taken  is  still  open.  It  is,  of  course,  impossible  to 
say  what  percentage  of  the  space  excavated  remains  open,  but  we 
would  express  the  belief  that  it  does  not  exceed  one-half  of  the 
original,  due  to  the  numerous  squeezes  and  cave-ins  that  have 
occurred. 

After  spending  more  than  40  days'  time  studying  maps,  after 
testing  various  materials  used  and  considered  for  roof  support  in  the 
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mines,  and  after  tabulating  and  considering  the  information  gained 
by  these  investigations,  the  conclusions  we  have  reached  are  as 
follows : 

Although  some  other  devices  are  locally  useful,  the  only  method 
that  combines  the  necessary  qualities  of  strength,  ease  of  applica- 
tion, and  reasonable  cost  is  filling  the  underground  openings  by  what 
is  known  as  the  "flushing"  method,  using  for  flushing  culm,  sand, 
crushed  rock,  and  other  fine  material  that  can  be  washed  into  the 
mines  with  water.  This  method  was  originated  in  the  anthracite 
region  of  Pennsylvania,  and  has  been  extensively  adopted  in  Euro- 
pean mines,  where,  at  great  expense,  sand,  loam,  and  crushed  rock 
are  flushed  into  the  mines  following  the  removal  of  the  coal  by  the 
longwall  method  of  mining. 

The  tables  and  estimates  of  cost  contained  in  the  body  of  the  report 
give  in  detail  the  results  of  our  investigations  and  conclusions. 

We  therefore  offer  as  our  only  recommendation  that  the  flushing 
method  be  adopted,  under  the  plans  and  specifications  contained  in 
the  body  of  the  report  and  in  plates  1  to  24.  From  the  report 
the  following  general  conclusions  are  drawn: 

1.  Speaking  broadly,  the  surface  of  the  city  can  be  supported  by 
the  methods  recommended,  and  at  a  cost  not  in  any  sense  prohibi- 
tory when  considered  with  relation  to  the  value  of  the  property  and 
operations  for  which  support  is  absolutely  essential. 

2.  Although  in  our  judgment  there  are  points  in  the  city,  as 
indicated  in  the  detailed  report,  where  at  the  present  time  there  is 
distinct  and  immediate  danger  to  life  and  property,  yet  the  total 
area  immediately  threatened  constitutes  but  about  15  per  cent  of 
the  entire  area  of  the  city,  and  the  danger  is  mainly  from  workings 
in  surface  beds. 

3.  On  the  west  side  the  beds  of  the  middle  series  are  thick  and 
close  together,  and  the  pillars  are  not  columnized,  creating  a  dan- 
gerous situation  where  the  workings  have  not  been  closed  by  previous 
caves.  Particular  areas  thus  threatened  can  not  be  definitely  speci 
fied  on  account  of  the  inaccessibility  of  much  of  the  mined-over  area. 
Detailed  investigation  should  be  made  of  the  portions  of  the  mines 
not  already  closed.  Relatively,  we  do  not  believe  that  a  large  part 
of  the  territory  mentioned  is  threatened  on  account  of  so  much 
ground  having  been  already  closed  by  caves. 

Special  attention  is  called  to  the  conditions  under  schools  Nos. 
13,  23,  and  29.     They  should  be  attended  to  promptly. 

The  lower  series  of  beds,  namely,  the  three  Dunmores,  are  so  thin 
and  so  far  below  the  surface  that  with  the  usual  system  of  mining 
we  do  not  think  the}7"  constitute  a  serious  menace  to  the  improve- 
ments on  the  surface,  except  along  the  margin  of  solid  blocks  of 
unmined  coal  and  near  the  outcrops.  In  the  deep-lying  parts  of 
the  Dunmore  beds  we  believe  these  solid  blocks  should  be  mined. 
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4.  It  would  seem,  therefore,  to  be  not  only  the  part  of  wisdom, 
but  absolutely  obligatory,  to  immediately  commence,  supporting 
the  points  menaced,  and  thereupon  proceed  upon  a  general  policy 
of  giving  support  to  the  entire  area  of  the  city,  for  it  must  be  borne 
in  mind  that  with  the  mining  activities  that  are  constantly  going  on 
other  and  additional  points  of  danger  are  not  only  liable  to,  but  in 
all  probability  will,  develop  with  each  passing  year — it  might  almost 
be  said  with  each  passing  month. 

5.  Where  the  owner  of  the  surface  has  undoubted  right  to  the 
support  thereof  by  coal  pillars,  in  our  opinion  he  could  permit  the 
removal  of  such  pillars;  the  value  thereof  would  under  average  con- 
ditions pay  for  such  artificial  support  as  we  have  recommended,  if 
it  be  assumed  that  the  pillars  were  mined  and  the  support  constructed 
by  the  same  operating  company.  This  observation,  however,  is 
based  upon  the  assumption  that  in  such  case  the  operating  company 
is  one  of  the  large  transportation  companies,  inasmuch  as  although 
there  might  not  be  a  profit  in  the  immediate  transaction  of  mining 
the  pillars  and  installing  the  support,  there  would,  of  course,  be  a 
profit  to  such  companies  in  carrying  the  coal  to  market. 

6.  Culm  flushing  should  be  used  only  in  coal  beds  having  light 
cover,  up  to  200  to  500  feet,  according  to  the  settlement  expected. 
But  sand,  being  four  or  five  times  as  strong  as  culm,  is  better,  and, 
being  suitable  for  filling  all  beds  under  Scranton,  is  to  be  preferred. 

7.  We  believe  that  the  conclusions  adduced  from  the  tests  made, 
and  the  calculations  and  tabulations  based  thereon,  are  reasonably 
reliable;  yet  we  desire  to  record  the  opinion  that  there  are  conditions 
existing  in  the  mines  to  which  they  might  not  apply.  Such  might 
be  the  case,  for  instance,  in  localities  where  several  beds  of  coal  are 
separated  by  thin  strata  of  shale  and  slate  or  even  sandstone,  and 
the  pillars  in  the  two  or  more  beds  are  not  over  one  another,  and  it 
is  proposed  to  reclaim  all  or  any  part  of  the  pillars. 

Even  though  an  application  of  the  above-mentioned  tables  might 
appear  to  fit  the  conditions,  we  believe  that  the  only  permissible 
procedure  would  be  to  first  fill  with  flushed  material  all  of  the  open- 
ings in  the  lowest  bed  of  the  series,  and  then  fill  upward  until  all 
the  beds  are  filled,  care  being  taken  to  have  the  flushed  areas  over 
one  another.  After  all  of  the  openings  in  all  of  the  beds  have  been 
filled  the  pillars  in  the  uppermost  bed  may  be  attacked,  and  the 
space  occupied  by  each  pillar  filled  as  soon  as  the  pillar  is  removed. 
No  pillar  reclamation  should  be  permitted  in  any  of  the  other  beds 
until  all  of  the  pillars  in  the  upper  bed  have  been  removed  and  the 
overburden  has  come  to  rest  on  the  flushed  material ;  after  which  the 
pillars  in  the  next  lower  seam  may  be  attacked  and  handled  in  like 
manner. 

8.  Harmonious  plans  and  procedure  between  the  coal  companies, 
the  city,  the  school  authorities,  and  the  public  are  essential  to  the 
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successful  carrying  out  of  any  relief  measures  that  are  herein  or  may 
be  hereafter  suggested.  Some  facts  that  should  be  evident  to  all  are 
that  the  prosperity  of  the  city  and  of  the  community  is  to  a  large 
extent  dependent  upon  the  coal  companies;  that  drastic  laws  or 
regulations  that  may  curtail  the  mining  of  coal  will  necessarily  react 
on  the  prosperity  of  the  community ;  and  that  any  ameliorating  plans 
or  compromises  winch  it  may  be  possible  to  effect  between  the  city 
and  the  mining  companies  tend  to  prolong  the  life  of  the  mining 
industry  in  Scranton  and  vicinity,  and  should  be  promoted. 

It  should  therefore  be  the  aim  of  all  interested  in  mine-cave  pro- 
tective measures  and  of  the  companies  operating  the  mines  to 
adopt  plans  that  will  best  conserve  the  welfare  of  all  interested. 

The  expenditure  for  the  work  would  of  course  be  distributed  over 
many  years,  the  relief  measures  being  applied  at  the  points  most  in 
need  of  protection  and  as  rapidly  as  proper  arrangements  could  be 
effected  and  the  necessary  details,  surveys,  etc.,  prepared. 

For  the  businesslike  carrying  out  of  the  plans  suggested  it  is  recom- 
mended that  a  protective  commission  be  established,  consisting  of 
not  less  than  three  nor  more  than  five  men,  representing  the  city 
authorities,  the  school  board,  and  the  coal  companies — tins  com- 
mission to  have  full  and  complete  authority  for  the  execution  of  the 
plans,  and  to  be  approved  by  the  proper  legal  action.  The  commis- 
sion should  employ  an  engineer  who  should  devote  all  Ins  time  to  the 
service  as  active  manager  of  the  work. 

THE  REASON  WHY. 

The  occasional  mine  caves  or  settlements  in  various  parts  of  Scran- 
ton during  the  past  years  had  long  caused  more  or  less  public  concern, 
until  finally  popular  sentiment  was  brought  to  a  focus  by  the  settle- 
ment in  Hyde  Park,  on  August  29,  1909.  This  subsidence  seriously 
damaged  public  school  Xo.  16  and  much  other  surrounding  property; 
and,  if  it  had  occurred  while  school  was  in  session,  might  have  been 
the  cause  of  loss  of  life. 

Immediately  following  this  event  committees  of  councils,  board 
of  control,  and  board  of  trade  took  action  in  an  endeavor  to  discover 
the  immediate  physical  causes  of  the  caving,  as  well  as  the  legal 
responsibility  therefor;  and  after  much  consideration,  the  former 
mayor,  Hon.  J.  B.  Dimmick,  who  was  called  in  consultation  with  the 
joint  committee,  proposed  the  plan  as  set  forth  below  and  quoted 
from  his  final  report,  to  wit : 

To  the  joint  committee  of  mine  caves  of  select  and  common  councils  and  of  the  board  of 

control,  Benton  T.  Jayne,  chairman: 

Gentlemen:  I  beg  leave  to  herewith  make  report  of  what  I  have  been  able  to 
accomplish  in  pursuance  of  your  instructions  looking  to  the  selection  of  an  engineer  to 
be  employed  by  the  city  and  the  board  of  control  for  the  purpose  of  making  a  study  of 
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the  physical  asped  of  the  entire  mine-cave  problem  as  it  affects  our  city,  and  to 
make  a  report  thereon  together  with  euch  recommendations  as  would  seem  fitting 
and  practicable. 

Shortly  after  I  received  your  instructions  I  laid  the  entire  situation  before  John 
Hays  Hammond,  the  well-known  engineer,  and  he  at  once  not  only  became  deeply 
interested  in  the  problem  but  offered  his  aid  and  assistance  without  compensation, 
direct  or  indirect .  being  moved  simply  by  a  willingness  to  perform  public  service. 

After  much  thought  and  conversation  with  the  gentlemen  whose  names  are  herein- 
after given,  the  following  definite  plan  has  been  worked  out  and  awaits  but  acceptance 
upon  the  part  of  the  city  government  and  the  board  of  control. 

PLAN'. 

An  advisory  board  has  been  formed  consisting  of  five  well-known  engineers,  with 
power  to  add  to  their  number,  namely:  John  Hays  Hammond,  D.  W.  Brunton,  R.  A. 
F.  Penrose,  jr.,  Lewis  B.  Stillwell,  and  W.  A.  Lathrop,  this  board  having  all  agreed 
to  act  without  compensation.*1  After  a  careful  investigation  of  the  necessary  qualifica- 
tions of  the  engineers  that  would  make  the  actual  study  upon  the  ground,  they  sug- 
gested the  names  of  Eli.  T.  Conner,  of  Philadelphia,  Pa.,  and  William  Griffith,  of 
Scranton,  Pa.,  Mr.  Conner  having  had  considerable  experience  in  anthracite-mining 
operations,  and  Mr.  Griffith  being  especially  informed  as  to  the  geological  formation 
of  this  section.  These  two  engineers  to  be  employed  by  the  city  and  the  board  of  con- 
trol, and  upon  the  filing  of  their  report,  the  same  to  be  carefully  considered  and  passed 
upon  by  the  advisory  board. 

In  order  that  the  matter  might  be  in  complete  form  for  your  consideration,  I  secured 
from  the  two  engineers,  as  recommended,  a  definite  proposition,  which  is  herewith 

incorporated  in  extenso: 

Scranton,  Pa.,  May  25,  1910. 
Hon.  J.  Benj.  Dimmick,  Scranton,  Pa.: 

As  a  result  of  our  conference  with  you  yesterday,  in  accordance  with  your  request 
made  at  that  time,  we  respectfully  submit  the  following: 

Of  course,  it  is  recognized  by  everybody  that  the  situation  is  serious  regarding  the 
mining  conditions  under  portions  of  the  city  of  Scranton,  and  the  proposition  of  pro- 
ecting  the  whole  city  can  best  be  met  by  a  frank  recognition  of  the  varying  conditions 
that  undoubtedly  exist,  certain  sections  of  the  city  being  really  in  danger,  while  others 
are,  practically  speaking,  not  menaced.  While  our  proposed  report  would  be  general 
in  character,  and  intended  to  cover  the  entire  city,  yet  it  would  properly  be  especially 
concerned  with  those  sections  of  the  city  that  are  immediately  threatened. 

It  seems  to  us  that  what  is  most  necessary  at  the  present  time  is  more  accurate 
knowledge  of  the  physical  conditions  which  now  prevail,  and  we  would  suggest  a 
report  based  upon  the  results  of  a  careful  study  of  such  physical  conditions  as  they  at 
present  exist  in  the  mines  under  the  city  of  Scranton;  this  report  to  be  general  in  its 
nature.  We  would  group  together  the  various  similar  conditions  in  several  classes,  to 
each  of  which  similar  remedies  or  lack  of  remedy  might  apply,  with  suggestions  not 
only  as  to  remedies  but  also  as  to  the  approximate  cost  thereof  under  certain  ascer- 
tained conditions.  We  should  expect  to  also  include  in  said  report  such  general  obser- 
vations and  recommendations  touching  the  entire  situation  as  would  seem  to  be  justi- 
fied by  our  inspection  and  study  thereof.  The  completeness  and  value  of  any  such 
report  would  depend  in  a  large  measure  upon  the  assistance  and  cooperation  tendered 
us  by  the  several  mining  companies  who  are  now  operating  under  the  city  and  of  the 
city  and  school  authorities. 

a  The  advisory  board  subsequently  Included  the  following  additional  members:  Dr.  H.  S.  Drinker, 
president  of  Lehigh  University;  Dr.  S.  A.  Holmes,  director  of  the  Bureau  of  Mines;  Prof.  J.  F.  Kemp, 
Columbia  University;  Prof.  J.  F.  McClelland,  Yale  University;  and  Prof.  II.  L.  Smyth,  Harvard  Uni- 
versity. 
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It  is  to  be  distinctly  understood  that  such  proposed  report  and  study  of  the  situation 
existing  under  Scranton  would  be  based  upon  such  information  as  might  be  obtained 
from  the  second  geological  survey  and  from  such  other  maps  of  the  various  coal-mining 
companies  and  the  city  and  school  authorities,  to  which  access  could  be  obtained  for 
the  engineers,  and  from  such  personal  inspection  of  accessible  portions  of  the  mines 
as,  in  our  judgment,  shall  be  necessary.  We  would,  however,  give  expression  to  our 
belief  that  such  surveys  are  sufficiently  accurate  and  reliable  as  a  basis  for  the  general 
conclusions  that  the  report  will  be  expected  to  set  forth. 

It  seems  to  us  that  the  information  to  be  secured  through  such  a  report  would  be  the 
first  requisite  to  a  subsequent  detailed  investigation  and  application  of  any  remedies 
which  might  be  suggested  for  the  amelioration  of  the  mining  conditions  under  this  city. 
Yours,  respectfully, 

(Signed)  Wm.  Griffith, 

Eli.  T.  Conner, 

Mining  Engineers. 

It  therefore  remains  but  for  the  community,  through  its  city  government  and  the 
board  of  control,  to  employ  these  two  engineers  at  the  price  stipulated  in  order  to  re- 
ceive a  general  report  upon  the  cave  problem  that  should  command  the  respect  and 
the  confidence  of  all  parties  interested,  not  only  because  it  will  have  been  prepared  by 
engineers  selected  by  a  board  composed  of  experts  of  national  reputation,  but  also 
because  the  very  findings  of  such  engineers  would,  in  their  turn,  be  submitted  to  and 
reported  upon  by  that  same  advisory  board.  In  short,  the  community  would  then  be 
provided  -with  information  as  to  facts  and  opinions  as  to  remedies  that  would  form 
solid  ground  for  both  future  deliberations  and  future  activities. 

I  can  not  refrain  from  suggesting,  assuming  the  acceptance  of  this  most  unselfish 
offer  upon  the  part  of  men  of  high  professional  equipment  and  without  personal  interest 
in  the  welfare  of  Scranton,  that,  simultaneously  with  the  enactment  of  the  necessary 
legislation  to  carry  into  effect  this  plan,  there  should  be  official  appreciation  of  their 
proffered  assistance. 

Respectfully  submitted. 

J.  Benj.  Dimmick. 

Certified  copy. 

Evan  R.  Morris,  City  Clerk. 
September  15,  1910. 

GEOLOGY. 

The  city  of  Scranton  occupies  the  surface  overlying  the  whole 
width  (5  miles)  of  the  Lackawanna  coal  field,  and  extends  about  5 
miles  up  and  down  the  valley.  The  central  part  of  the  city  is  over 
the  center  of  the  coal  basin,  while  the  margin  of  the  basin  on  the 
East  and  West  Mountains  nearly  coincides  with  the  city  line  along 
those  hills. 

The  floor  of  this  coal  basin  is  formed  by  the  hard  Pottsville  con- 
glomerate or  "pudding  stone,"  which  comes  to  the  surface  on  the 
mountain  sides  east  of  Roaring  Brook,  and  dipping  down  under  the 
surface  in  the  form  of  a  deep  trough  or  basin  passes  under  the 
central  part  of  the  city  at  a  depth  of  several  hundred  feet,  and  \ 
again  reaches  the  surface  on  the  flanks  of  the  West  Mountain.  Pas- 
sengers on  the  Laurel  Line  can  note  this  conglomerate  on  both  sides 
of  the  Roaring  Brook  ravine  and  at  the  stone  quarry  on  the  east 
near  the  switch  where  the  Dunmore  branch  leaves  the  main  line. 
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It  is  the  conglomerate  that  forms  the  roof  of  the  Lackawanna  tunnel 
at  Nay  Aug,  and  is  again  cut  by  this  railroad  on  the  west  side  of  the 
▼alley,  at   Leggetts  Creek  (lap. 

As  before  stated,  this  rock  forms  the  floor  of  the  coal  basin.  No 
coal  exists  below  it;  therefore  all  the  coal  under  the  city  of  Scranton 
is  to  be  found  in  the  rocks  which  fill  this  trough  or  basin  and  overlie 
the  Pottsville  conglomerate.  The  coal  is  deposited  in  parallel  layers 
or  beds,  known  locally  as  "coal  veins,"  that  are  approximately  par- 
allel to  the  conglomerate  iloor,  and  lie  deepest  in  the  central  part  of  the 
basin.  They  extend  with  persistence  and  considerable  regularity  from 
outcrop  to  outcrop,  except  where  they  were  removed  with  other  rocks 
during  the  surface  erosion  of  past  ages. 

In  all,  there  are  11  principal  coal  beds  under  this  city,  known  by 
names  as  follows,  beginning  with  the  highest: 

The  Eight-Foot  coal  bed,  which  is  present  only  in  two  small  areas 
or  islands  under  the  highest  part  of  the  Hyde  Park  hill. 

The  Five-Foot  and  Four-Foot  beds,  which  are  only  in  the  hill  top 
on  the  west  side  from  Dodge  to  Marvine,  above  the  level  of  the 
Lackawanna  River. 

The  Diamond  and  Rock  beds,  which  are  on  the  west  side  only  of 
Lackawanna  River,  under  Bellevue,  Hyde  Park,  Providence,  and 
parts  of  Keyser  Valley. 

The  Big  or  Fourteen-Foot  and  New  County  beds,  which  extend 
under  the  whole  west  side,  and  also  become  surface  beds  on  the  east 
side  at  the  National  colliery,  near  the  south  line  of  the  city;  also 
under  the  central  city  and  hill  section,  nearly  to  the  Moses  Taylor 
Hospital. 

The  Clark,  Dunmore  No.  1,  Dunmore  No.  2,  and  Dunmore  No.  3 
beds,  which  extend  under  the  whole  city  from  Nay  Aug  Park  to  the 
West  Mountain. 

For  the  thicknesses  of  these  several  beds,  the  distances  between 
them,  and  their  relative  positions  in  the  coal  measures,  the  reader  is 
referred  to  the  columnar  section  sheets  contained  in  Plates  1  to  24  of 
this  report. 

HISTORY. 

EARLY  DEVELOPMENTS. 

The  late  Dr.  B.  H.  Throop  reported  to  an  industrial  convention  at 
Tunkhannock,  in  the  year  1842,  that  the  Lackawanna  Valley  from 
Archibald  to  Pittston  "contains  upward  of  one  hundred  coal  mines 
opened,  and  many  of  them  are  made  at  present  a  source  of  profit 
both  from  domestic  and  foreign  markets.  There  are  sent  some  five 
or  six  thousand  tons  of  coal  annually  by  sledges  and  wagons  to  the 
States  of  New  York  and  New  Jersey,  in  exchange  for  salt,  plaster,  etc." 
97821°— Bull.  25—12 2 
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In  1841  the  first  furnace  of  the  Lackawanna  Iron  &  Coal  Co.  was 
filled  and  fired,  and  though  this  effort  to  manufacture  iron  from  local 
ores  proved  a  total  failure,  it  nevertheless  gave  a  decided  impetus  to 
the  coal-mining  industry  of  this  locality.  Subsequently  iron  ore  and 
limestone  were  brought  from  a  distance,  and  anthracite  was  success- 
fully used  for  smelting  iron.  Since  this  beginning  the  coal  industry 
of  Scranton  has  continuously  flourished  until  the  present. 

The  mines  worked  by  the  iron  company  in  1841  were  on  both  sides 
of  Roaring  Brook.  The  Clark  bed  was  worked  near  the  viaduct; 
later  the  Dunmore  beds  were  worked  near  the  site  of  the  present 
Laurel  Line  power  house  by  what  were  known  as  the  Rolling  Mill 
drifts.     For  several  years  these  were  the  principal  mines  in  Scranton. 

In  1851  the  Lackawanna  &  Western  Railroad  was  built  from 
Scranton  to  connect  with  the  Erie  road  at  Great  Bend.  The  Dela- 
ware &  Cobbs  Gap  road  (chartered  in  1849)  was  merged  with  the 
Lackawanna,  and  in  1856,  under  the  name  of  the  Delaware,  Lacka- 
wanna &  Western  Railroad,  was  built  through  from  Scranton  to  the 
Delaware  River.  In  1858  the  Lackawanna  &  Bloomsburg  road  was 
built.  Equipped  thus  with  new  and  permanent  outlets  for  its 
resources,  the  mining  industry  of  the  valley  and  the  city  advanced 
with  rapid  strides. 

About  1852  the  Diamond  mines  were  opened.  In  1854  the  Rock- 
well mine  at  Leggetts  Gap,  and  the  Bellevue  colliery  were  opened. 
The  opening  of  numerous  other  coal  operations  followed  in  rapid 

succession. 

MINING  METHODS. 

The  room  and  pillar  system  of  mining  was  adopted  in  these  old 
mines,  and  has  been  continued  in  all  the  mining  of  the  region  to  the 
present  time.  This  method  consists,  briefly,  in  driving  an  airway 
and  a  gangway  about  15  feet  apart  and  parallel  in  the  coal  bed.  On 
the  high  side — that  is,  to  the  rise — chambers  or  rooms  are  driven 
parallel  to  each  other  and  at  right  angles  to  the  gangways.  The 
rooms  are  about  30  feet  wide  and  are  separated  by  partitions  about 
15  feet  in  thickness  called  pillars.  The  coal  production  of  the  mine 
is  mainly  taken  from  the  contents  of  the  rooms;  the  pillars,  which 
comprise  approximately  one-third  of  the  coal,  are  left  to  support  the 
surface.  This  practice  of  leaving  one-third  of  the  coal  for  surface  sup- 
port was  adopted  at  the  start,  and  was  found  sufficient  for  the  com- 
paratively light  overburden  to  be  sustained  in  the  mining  of  the 
beds  near  the  surface.  It  has  been  continued  as  an  empirical  rule 
with  little  variation,  in  the  deeper  mining  under  the  city,  without 
reference  to  the  weight  on  the  pillars  or  the  strength  of  the  coal. 

In  the  past  the  several  beds  of  each  mine  were  worked  independ- 
ently of  each  other  and  no  attempt  was  made  to  regulate  the  size, 
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position,  and  distribution  of  pillars  aside  from  the  one-third  rule. 
Consequently,  the  pillars  are  not  columnized;  in  other  words,  they 
are  not  exactly  over  each  other.  Many  of  the  thick  beds  of  the 
middle  measures  under  the  Hyde  Park  and  Providence  sections  are 
close  together.  Therefore  the  pillars  in  these  thick  beds,  not  being  col- 
umnized, have  a  decided  tendency  to  crush  through  the  interval 
between  the  beds,  the  pillars  of  an  upper  bed  settling  into  the  exca- 
vations or  rooms  of  the  lower  workings. 

Another  feature  that  should  be  brought  out  in  this  historical 
sketch  of  early  mining  in  Scranton  is  that  the  universal  practice  in 
the  old  days  was  to  mine  only  the  best,  thickest,  and  most  accessible 
coal  beds,  and  also  only  the  profitable  parts  of  each  bed,  and  to  leave 
unmined,  as  refuse,  the  parts  which  for  one  cause  or  another  were 
found  more  expensive  to  wTork.  Therefore,  in  these  latter  days  some 
of  the  coal  beds  already  mined  over  and  ready  to  be  abandoned  have 
been  found  to  carry  rider  coal  above  or  bottom  coal  below,  which  can 
be  removed  at  a  profit.  And,  therefore,  for  the  past  few  years  the 
total  production  from  several  beds  has  been  from  such  remining 
of  top  and  bottom  coal.  This  remining,  of  course,  leaves  the  pillars 
from  2  to  6  feet  taller  than  they  were  before  for  the  same  horizontal 
area,  consequently  the  pillars  are  much  weaker  and  less  able  to  support 
the  overburden. 

In  consequence  of  the  several  conditions  related  above  there  have 
been  from  time  to  time  numerous  and  more  or  less  serious  caves  or 
subsidences  of  the  surface,  principally  on  the  west  side,  which  have 
caused  some  damage  to  surface  property,  but  no  loss  of  life.  In 
every  instance  the  damage  has  been  speedily  repaired  and  tempo- 
rarily forgotten.  The  accumulated  result  of  these  repeated  subsid- 
ences has  probably  left  certain  parts  of  the  surface  in  that  section  of 
the  city  in  more  stable  condition  than  they  were  before.  This  phase 
of  the  subject,  however,  will  be  considered  in  a  subsequent  chapter. 

STATISTICS  OF  COAL  PRODUCTION. 

The  following  statistics  of  the  coal-mining  industry  in  Scranton 
are  based  upon  the  result  of  the  surface  and  underground  investiga- 
tions made  by  us,  and  from  our  inspection  of  the  mine  maps,  taken 
in  conjunction  with  the  annual  production  of  coal  as  shown  in  the 
published  statistics  contained  in  the  reports  of  the  State  mine 
inspectors. 
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Table  1. — Total  production  of  coal  mined  under  the  city  of  Scranton,  1841-1910. 


Year. 


Production. 


1841-1872 

1872 

1873 

1874 

1875 

1876 

1877 

1878 

1879 

1880 

1881 

1882 

1883 

1884 

1885 

1886 

1887 

1888 

1889 

1890 

1891 


Long  tons. 
22.760.000 
2,155.647 
2,570,081 
1,630,158 
2,312,580 
1,572,033 
1,818,867 
1,732,782 
2,670,629 
2,477,285 
3.002,761 
2,996,795 
3,280,001 
3.038,291 
3,261,483 
3,092,069 
4,054,109 
4.474,419 
3,724,127 
i.032  173 
3,795.911 


Year. 


Production. 


1892. 
1893. 
1894. 
189.5. 
1896. 
1897. 
iv<- 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
L906 
1907 
1908 
1909 
1910 


Long  tons. 
3,921,894 
3,992,640 
3,614,488 
4,042,677 
3,882,848 
3,935,907 
3,527,826 
4,308,338 
4,381,573 
6,041,215 
4,345,310 
6,578,771 
6,202,694 
6,257,380 
6,163,199 
6,948,258 
6.336,726 
5.915,774 
6,000,000 


176,839,619 


Table  2.— 

Statistical  table  of  coal  mining. 

Coal  beds. 

Average 
thick- 
aess  "f 
beds. 

Origi- 
nal area 
before 

mining. 

Area 
mined 
over. 

Area 

to  be 

mined. 

Approxi- 
mate 
area  of 
pillars. 

Area  of 
mine 

excava- 
tion. 

Foot- 
acres 

mined 
over, 

includ- 
ing 

pillars. 

Foot- 
acres 
exca- 
vated, 
exclud- 
ing 
pillars. 

Foot- 
acres  to 
be  exca- 
vated, 
leaving 
one-third 

for 
pillars. 

Feet. 
7.6 
4.4 
3.6 
9.4 
5.2 
12.2 
6.0 
6.7 
3.0 
4.0 
3.3 

Acres. 
140 
2.000 
2. 400 
4,160 
4.500 
6.000 
5.360 
7,860 
7,500 
9,630 
8,500 

Acres. 

Ill 
1,093 

994 
3.562 
3,000 
4,831 
1.549 
6.040 

690 
2.533 
1,573 

Acres. 

29 

907 

1,466 

598 

1,500 

1,169 

3,811 

1,820 

6,810 

7.097 

0.927 

Acres. 

35 

364 

331 

1,187 

1,000 

1,610 

516 

2,013 

230 

844 

.    524 

Acres. 

76 

729 

663 

2.375 

2,000 

3.231 

1,033 

4.027 

460 

1,689 

1,049 

843 

4,809 

3. 578 
33,495 
15,600 
58,938 

9,294 
40,468 

2.070 
10.132 

5.191 

577 

3,208 

2,387 

22,325 

10,400 

39,296 

6,198 

26,981 

1,380 

6,756 

3,462 

146 

2,660 

3,518 

3. 746 

Rock 

5,200 

Big 

9.508 

New  County 

Clark 

15.244 
8,130 

Dunmore  No.  1 

Dunmore  No.  2 

Dunmore  No.  3 

13,620 
14. 194 
15,240 

58,110 

25,976 

32, 134 

8.654 

17,322 

184,418 

122,970 

91,206 

Total  space  excavated  in  the  mines  under  Scranton cubic  yards..  198,104,670 

Total  estimated  excavation  for  Panama  Canal do 174, 666, 594 

Total  approximate  tonnage  of  coal  produced  to  January  1, 1911 long  tons..  176,840,000 

Total  approximate  tonnage  of  coal  waste  and  mine  refuse  excavated,  but  not  included  in 

production long  tons. .    44, 500. 000 

Average  product  ion  per  foot-acre  excavated do 1 ,  440 

Average  production  per  foot-acre  mined  over do —  960 

Number  of  collieries  and  mines  operating  under  the  city 27 

PRESENT   MINING   CONDITIONS   UNDER   SCRANTON. 

The  following  tabulated  notes  give  in  condensed  form  the  actual 
conditions  of  the  mining  under  the  city  and  school  properties  at 
present,  as  found  by  your  engineers  during  an  extended  underground 
inspection  that  lasted  about  40  days. 

In  connection  with  these  notes  the  plates  accompanying  this  report 
should  be  well  studied.  These  plates  set  forth  in  a  more  intelligible 
form  than  can  possibly  be  shown  by  words  the  location  and  extent 
of  the  mining  in  all  the  coal  beds  under  the  city,  and  by  plans,  cross 
sections,  columnar  sections,  etc.,  clearly  indicate  the  geology  and 
distribution  of  the  beds  throughout  the  measures. 
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OBSERVATIONS      ON     PRESENT     MINING      CONDITIONS 
UNDER    SCRANTON. 

INTRODUCTORY  STATEMENT. 

As  stated  in  the  chapter  on  the  history  of  anthracite,  the  mining 
methods  pursued  in  the  earlier  days  of  the  industry,  not  only  in  Scran- 
ton,  but  everywhere  in  the  anthracite  fields,  were  not  conducted 
with  the  view  of  ultimately  mining  the  maximum  amount  of  coal, 
with  the  least  effect  upon  the  surface,  but  with  a  view  to  immediate 
profits.  Hence,  little  attention  was  given  to  surveying  and  engineer- 
ing in  the  early  mines,  and  great  irregularity  in  the  method  of  mining 
was  the  rule  rather  than  the  exception.  This  irregularity  makes  it 
exceedingly  difficult  to  columnize  pillars  now  where  mining  is  being 
done  in  the  solid  under  worked-over  portions  of  higher  coal  beds. 

To  illustrate  this  particular  point  reference  is  made  to  the  tracings 
that  show  the  mine  workings  under  the  various  school  properties  and 
are  in  the  possession  of  the  board  of  school  control.  These  tracings 
are  included  in  the  report  made  by  Messrs.  Stevenson  and  Knight.  In 
the  more  recent  mining  under  the  city,  the  attempt  has  been  made  to 
remedy  this  defect,  and  this  attempt  has  been  fairly  successful. 

As  the  result  of  our  inspection  of  the  mines  under  Scranton,  as 
given  in  detail  on  preceding  pages,  we  have  grouped  the  mine  workings 
into  several  classes;  in  each  of  these  classes  approximately  similar 
conditions  obtain,  and  to  each  the  same  remedies  for  sustaining  the 
surface  might  apply,  as  stated  below: 

SURFACE  BEDS. 
WEST    SIDE    OF   LACKAWANNA    RIVER. 

On  the  west  side  of  the  Lackawanna  River,  at  the  Dodge,  Hyde 
Park,  Mt.  Pleasant,  Diamond,  Brisbin,  Cayuga,  Von  Storch,  and 
Leggetts  Creek  collieries,  the  surface  beds  being  mined  are  known  as 
the  Eight-foot,  Five-foot,  and  two  splits  of  the  Four-foot. 

As  before  stated  there  is  only  a  small  area  underlain  by  the  Eight- 
foot;  the  areas  underlain  by  the  other  beds  gradually  increase  in 
size,  as  the  beds  are  lower  in  the  measures. 

In  mhiing  these  beds  efforts  have  been  made — with  a  fair  degree 
of  success — to  columnize  the  pillars,  and  about  the  usual  percentage 
of  coal,  approximately  33J  per  cent  on  first  mining,  is  left  in  for  sup- 
port of  the  overburden.  In  a  few  places  reclamation  of  pillars,  or 
what  is  commonly  termed  "  robbing,"  is  in  progress,  but  only  where 
there  are  comparatively  few  surface  improvements.  The  menace  to 
the  surface  from  the  mining  of  these  beds,  as  at  present  conducted, 
is  comparatively  slight.  When  the  time  comes,  however,  for  the 
reclamation  of  pillars  from  the  greater  part  of  the  area  mentioned, 
serious  surface  disturbance  may  be  expected,  unless  in  the  meantime 
some  method  of  support  is  introduced.  Suggestions  on  this  point 
are  given  on  subsequent  pages. 


SURFACE   BEDS.  45 

SOUTH   AND    EAST   SIDES    OP   THE    LACKAWANNA    RIVER. 

On  tlit"  south  and  cast  sides  of  the  Lackawanna   River,  at  the 

National  mine,  the  Big  and  the  New  County  beds  arc  Qearest  the 
surface  under  a  pari  of  the  property,  the  Clark  vein  under  another 
part,  and  the  Dunnioiv  No.  2  under  still  another  part.  The  part 
underlain  by  the  New  County  and  Big  beds  carries  few  improvements 
and  is  much  caved,  so  that  no  serious  result  is  likely  to  occur  by 
reason  of  the  extraction  of  the  remaining  pillars.  The  mined-over 
pari  of  the  Clark  bed,  as  will  be  noted  from  the  plans,  underlies  a 
larger  area  than  the  mined-over  part  of  either  of  the  two  overlying 
beds;  and  before  extraction  of  pillars  from  the  Clark  bed  is  begun, 
measures  for  the  support  of  the  overburden  should  be  adopted  where 
the  surface  improvements  are  of  sufficient  value  to  justify  the  expense. 
This  observation  refers  particularly  to  the  part  of  the  bed  formerly 
worked  from  the  old  Meadow  Brook  mine;  it  underlies  a  thickly 
Bottled  portion  of  the  south  side. 

As  will  be  noted  on  Plates  19,  20,  and  21  the  Dunmore  No.  2  is  the 
surface  bed  over  a  considerable  portion  of  the  National  and  Meadow 
Brook  operations,  extending  from  Beech  Street  to  Sanders  Street, 
and  from  the  Erie  &  Wyoming  Valley  Railroad  to  the  Lackawanna 
Eiver.  Examination  of  workings  in  this  bed,  and  inspection  of  the 
mine  maps,  indicate  that  considerably  less  than  the  usual  one-third 
has  been  left  in  pillars  for  support.  There  is  no  mining  now  in 
progress  in  this  bed,  nor  any  extraction  of  pillars.  The  pillars  observed 
under  the  area  mentioned  (particularly  between  Beech  and  Breck 
Streets),  and  between  Pittston  Avenue  and  Crown  Avenue,  show 
signs  of  pressure  and  should  not  be  disturbed.  Although  it  is  true 
that  these  pillars  have  stood  without  serious  subsidence  for  many 
years,  there  is  a  possibility  of  a  "creep''  or  "squeeze,"  such  as  would 
unquestionably  cause  surface  damage  in  the  area  just  mentioned, 
starting  at  almost  any  time.  Remedial  measures  should  be  applied 
in  the  Dunmore  No.  2  bed  in  this  area  at  the  earliest  possible  moment, 
before  a  creep  or  squeeze  starts,  as  the  conditions  are  such  that  if 
once  started,  no  remedies  that  might  be  attempted,  and  hastily 
applied,  would  be  effective  in  preventing  a  general  subsidence  of 
practically  all  the  above  mentioned  area. 

i  KNTKAL    PARI'    OF    BCBANTON. 

The  Pine  Brook  colliery  of  the  Scranton  Coal  Co.  includes  a  large 
area  in  the  central  part  of  the  city  of  Scranton,  as  will  be  noted  from 
Plates  Nos.  1,  2,  3,  4,  5,  and  22.  This  area  extends  eastward  from 
Beech  Street  on  the  south  side  to  Poplar  Street  at  the  Dunmore  line, 
and  from  the  Lackawanna  River  to  the  outcrop  of  the  Dunmore  beds 
near  Xav  Ausr  Park. 
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Under  a  portion  of  the  territory  mentioned,  the  Big  or  Fourteen- 
foot  bed  is  present.  It  was  partly  worked  over  many  years  ago  by  the 
old  Lackawanna  Iron  &  Coal  Co.  The  area  underlain  by  this  bed  is 
what  is  generally  known  as  Sanderson  Hill,  and  is  clearly  shown  in 
Plates  Nos.  2,  3,  and  4.  The  old  workings  in  the  Big  bed  are  inacces- 
sible, except  a  very  small  portion  that  extends  from  the  Pine  Brook 
Traveling  Way  to  a  point  under  the  Central  High  School.  Although 
there  may  be  other  openings  to  the  workings  in  this  bed,  they  are 
unknown  to  us.  From  information  furnished  by  various  persons, 
it  is  believed  that  the  old  maps  of  the  workings  in  this  bed  are  reason- 
ably accurate. 

The  part  of  these  workings  that  was  inspected  showed  the  pillars 
in  good  condition  and  the  roof  over  the  openings  fairly  sound,  although 
local  falls  have  occurred  in  many  openings  preventing  access  to  points 
beyond.  According  to  our  information  no  serious  "creeps"  or 
"squeezes"  have  occurred  in  this  bed,  and  unless  some  disturbance 
takes  place  through  subsidence  of  the  measures  below  it  not  much 
danger  is  to  be  apprehended  from  a  general  creep  in  this  bed.  We 
are,  however,  of  the  opinion  that  detailed  investigations  should  be 
made  by  reopening  small  holes  through  the  local  falls  mentioned 
above,  and  b}"  sinking  shallow  shafts  at  various  points  for  the  purpose 
of  making  accurate  surveys  of  the  mine  workings.  These  should  be 
maintained  as  avenues  through  which  to  conduct  or  transport 
material  for  filling.  It  is  deemed  especially  important  that  these 
openings  be  completely  filled,  on  account  of  the  nearness  of  this  bed 
to  the  surface,  and  the  value  of  the  surface  improvements.  Methods 
of  protection  will  be  described  in  another  chapter. 

Below  the  Big  bed  the  next  bed  that  has  been  worked  from  the 
Pine  Brook  shaft  is  the  Clark.  The  Xew  County  bed  has  not  been 
worked  at  Pine  Brook,  but  it  is  present  and  will  doubtless  be  mined 
in  the  future.  The  Pine  Brook  workings  include  what  was  formerly 
the  property  of  the  Fair  Lawn  Coal  Co.,  between  Gibson  and  Ash 
Streets,  and  Capouse  and  Quincy  Avenues.  The  usual  rule  of  leaving 
approximately  one-third  of  the  coal  was  generally  followed  in  the 
major  part  of  the  workings  from  the  Pine  Brook  shaft,  but  much  less 
than  one-third  was  left  in  the  Clark  bed  where  worked  from  Fair  Lawn. 
This  bed  is  from  8  to  1 1  feet  thick;  a  bench  of  coal  at  about  the  middle 
of  the  bed  that  is  considerably  softer  than  the  balance  was  noted. 
This  bench  is  affected  by  what  is  known  as  "air  slack,"  causing  it  to 
chip  and  flake  off,  and  to  show  the  first  signs  of  any  undue  pressure  on 
the  pillars. 

A  very  large  proportion  of  the  pillars  inspected  an  this  bed  show 
unmistakable  signs  of  pressure,  particularly  in  the  Fair  Lawn  work- 
ings and  outwardly  from  this  area  for  a  considerable  distance.  These 
signs  of  pressure  on  the  pillars  can  not,  in  our  opinion,  be  solely  attrib- 
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11 1 oil  to  air  slack,  but  are,  we  believe,  the  first  stage  of  a  creep  or 
Bqueeze  that  if  fully  started  may  result  in  the  complete  collapse  of  the 
pillars  in  a  large  part  of  the  area  mentioned;  it  would  bring  down  the 
roof,  and  unquestionably  affeet  the  surface.  These  indications,  as 
before  stated,  are  most  serious  in  the  Fair  Lawn  workings;  they  are 
observed  on  both  sides  of  the  tract  and  under  the  portion  of  the  prop- 
erty where  the  Big  Vein  is  present.  Should  a  general  squeeze  take 
place  in  the  Clark  bed  workings  it  would  certainly  affect  the  pillars 
and  overlying  strata  of  the  Big  bed  and  result  in  a  very  serious  dis- 
turbance of  the  surface. 

"We  deem  it  important  to  lay  particular  stress  on  the  necessity  for 
promptly  taking  measures  to  prevent  the  starting  of  a  general  squeeze 
or  creep  in  the  Clark  bed  at  the  Pine  Brook  colliery;  for  such  a 
squeeze  might  cause  breakages  of  gas,  water  and  sewer  mains,  and 
resultant  damages. 

A  point  of  particular  weakness  in  this  bed  is  under  the  Technical 
High  School,  near  the  intersection  of  Adams  Avenue  and  Gibson 
Street.  We  have  been  informed  that  the  Scranton  Coal  Co.  has  begun 
flushing  culm  into  the  workings  under  this  important  building,  and 
that  it  is  their  intention  to  fill  these  workings  as  rapidly  as  possible. 
When  tliis  flushing  is  completed  and  a  block  of  1  or  2  acres  is  com- 
pletely flushed,  it  will  strengthen  not  only  the  point  immediately 
filled,  but  have  a  tendency  to  support  the  roof  for  some  distance  on  all 
sides  of  the  artificial  pillar  thus  introduced. 

The  old  Lackawanna  Iron  &  Coal  Co.  opened  and  worked  the  Clark 
bed  by  a  drift  from  Roaring  Brook  gorge,  near  the  Laurel  line  station. 
These  old  workings  are  now  inaccessible,  but  maps  inspected  show  an 
area  worked  over  on  the  north  and  east  sides  of  the  river  bank  between 
the  Delaware,  Lackawanna  &  Western  Railroad  and  Vine  Street,  and 
Madison  and  Clay  Avenues.  The  maps  show  that  very  small  pillars 
were  left  in.  The  old  workings  should  be  opened  and  artificial  pillars 
made  by  flushing.  The  same  plan  is  suggested  for  the  Big,  or 
Fourteen-foot,  bed  under  Sanderson  Hill,  and  for  the  old  Iron  Co. 
workings  in  this  bed  on  the  south  side  of  Roaring  Brook,  under 
Spruk's  lumber  yard  and  vicinity. 

At  the  Manvillc  colliery,  operated  jointly  by  the  Delaware,  Lacka- 
wanna &  Western  and  the  Delaware  &  Hudson  Companies,  the  surface 
bed  is  the  New  County.  This  bed  has  been  attacked  recently,  and  is 
now  being  mined  under  the  Green  Ridge  section  of  the  city.  It 
averages  about  6  feet  thick,  with  nearly  2  feet  of  refuse  in  several 
benches.  We  were  informed  that  under  the  old  leases  the  lessees 
were  prohibited  from  mining  this  bed,  but  by  a  recent  modification 
of  the  terms  of  certain  of  the  leases  they  are  permitted  to  extract 
one-third  of  the  bed,  leaving  two-thirds  as  pillars  to  support  the  over- 
burden. Considering  the  depth  at  which  the  bed  lies  and  the  char- 
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acter  of  the  overlying  strata,  we  do  not  think  there  is  much  danger 
to  the  surface  from  mining  this  bed,  if  not  more  than  one-third  of  the 
coal  is  extracted. 

At  this  colliery  the  Clark  bed  has  been  worked  over  the  whole  of  the 
area  tributary  to  the  mine,  as  will  be  noted  from  Plates  5,  6,  and  7, 
and  is  at  present  abandoned,  no  solid  or  pillar  mining  being  in 
progress.  About  the  usual  one-third  of  the  coal  has  been  left  to  sup- 
port the  roof.  Many  parts  of  these  workings  are  inaccessible  because 
of  local  falls,  and  a  small  part  of  the  workings  has  been  filled  with 
culm,  principally  under  surface  improvements  controlled  by  the 
mining  company. 

The  pillars  in  this  bed  show  the  usual  chipping,  due  to  air  slack, 
and  in  some  places  signs  of  squeeze  or  creep,  particularly  in  the 
vicinity  of  Poplar  Street  and  between  Capouse  and  Washington 
Avenues.  The  boundary  pillar  between  the  Manville  workings  and 
those  of  the  Pine  Brook  mine  is  very  small,  and  would  not  be  of  suffi- 
cient strength,  in  our  opinion,  to  break  off  or  stop  a  squeeze  that  might 
originate  on  either  side  of  it.  We  are  of  the  opinion,  therefore,  that 
filling  or  other  remedial  measures  for  the  support  of  the  overburden 
should  be  started  in  portions  of  the  Manville  Clark-bed  workings, 
as  we  recommended  at  Pine  Brook. 

At  the  Dickson  mine  of  the  Delaware  &  Hudson  Co.  the  surface 
bed  is  the  Big,  or  Fourteen-foot,  which  is  10  to  14  feet  thick.  This 
bed  was  worked  some  years  ago  between  the  river  and  Dickson 
Avenue  and  between  Delaware  and  Market  Streets;  a  very  small 
part  east  of  Sanderson  Avenue  was  also  worked. 

No  mining,  either  of  solid  coal  or  pillars  is  now  being  done  in  this 
bed.  There  is,  however,  a  considerable  block  of  solid  coal  east  of 
Sanderson  Avenue  that  may  at  some  time  be  extracted.  If  mining  is 
resumed  in  this  bed  it  should  be  conducted  with  great  care,  as  the 
bed  is  close  to  the  surface,  and  the  overlying  strata  are  weak. 

Parts  of  this  bed  west  of  the  Delaware  &  Hudson  Railroad  and 
under  the  Lackawanna  River  have  been  flushed  with  culm,  and  the 
balance  of  the  workings  should  be  filled  in  the  same  manner.  The 
possibility  of  recovering  the  pillars  in  the  worked-over  part  of  this 
bed  without  serious  damage  to  the  surface  is,  in  our  opinion,  decid- 
edly doubtful,  even  though  the  openings  may  be  completely  filled 
with  culm  or  other  flushed-in  material. 

The  Xew  County  bed  has  not  been  worked  at  the  Dickson  mine, 
being  considered  too  thin  and  impure  for  profitable  extraction.  This 
bed,  however,  may  be  mined  hereafter. 

The  Clark  bed  has  been  mined  in  about  the  same  manner  as  at 
Pine  Brook  and  Manville,  and  the  same  remarks  regarding  conditions 
apply.  Portions  of  this  bed  also  have  been  filled  with  culm,  par- 
ticularly toward  the  Lackawanna  River. 
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MIDDLE  BEDS. 
HYDE    PABE    AND    PROVIDENCE    SECTIONS 

As  before  mentioned,  under  Hyde  Park  and  Providence,  the  mid- 
ill.'  Belies  of  beds,  the  Diamond,  Rock,  Big,  .New  County,  and  Clark 
(especially  the  first  three  of  these),  are  quite  thick  and  the  intervening 

strata  are  comparatively  thin  and  weak.  On  account  of  the  failure 
in  the  past  to  columnize  pillars,  the  workings  in  these  beds,  where 
now  open,  constitute  a  serious  menace  to  the  surface,  and  this  por- 
tion of  the  city  will  be  the  most  expensive  and  difficult  to  protect. 
However,  it  should  be  noted  that  very  large  areas  of  the  three  upper- 
most beds  have  been  closed  by  crushing  of  the  pillars  and  strata  in 
the  past.  This  condition  was  observed  in  parts  of  the  Bellevue, 
Hyde  Park,  Hampton,  Oxford,  Mount  Pleasant,  Diamond,  Brisbin, 
Cayuga,  Von  Storch,  Leggetts  Creek,  and  Marvine  mines.  Where 
such  complete  crushing  of  the  pillars,  with  consequent  subsidence  of 
the  overlying  strata  and  surface,  has  taken  place  in  the  past,  no 
serious  apprehensions  need  be  entertained  of  future  damage  to  the 
surface  improvements,  unless,  in  the  process  of  mining  lower  veins, 
insufficient  pillar  support  is  left  to  carry  the  overburden  and  a  creep 
or  squeeze  takes  place.  This  has  been  the  case  recently  at  the  Leg- 
getts Creek  mine  in  mining  the  lowrer  Dunmore  bed  at  a  depth  of 
700  feet,  where  was  applied  the  usual  though  here  insufficient  rule  of 
leaving  about  one-third  of  the  coal  for  support. 

Where  the  workings  in  these  thick  and  closely  lying  beds  are  not 
closed  by  a  general  crush  (and  no  one  knows  how  large  or  extensive 
such  openings  may  be)  there  is  always  a  liability  to  a  repetition  of  the 
same  kind  of  subsidence  as  that  which  wrecked  No.  16  School. 
In  this  connection  attention  is  particularly  called  to  the  conditions 
existing  under  No.  12  School.  Here  the  Diamond  bed  is  very 
near  the  surface,  within  13  to  40  feet.  Second  mining  is  now  in 
progress  to  win  bottom  coal  formerly  left  in  this  bed,  and  the  New 
County  bed  is  being  mined.  An  attempt  is  being  made  to  drive 
openings  in  the  New  County  bed  under  openings  in  the  Big  bed, 
but  this  attempt  is  not  altogether  successful.  These  conditions, 
we  believe,  are  quite  similar  to  those  formerly  existing  under  No.  16 
School. 

We  strongly  recommend  that  the  pillars  in  the  Diamond,  Rock,  Big, 
and  New  County  beds  under  this  building  should  not  be  disturbed, 
and  that  the  openings  in  the  Diamond,  Rock,  and  Big  beds  should  be 
filled  as  promptly  as  possible.  Such  filling  could  easily  be  done  by 
drilling  one  or  twro  bore  holes  in  the  school  lot.  The  filling  of  open- 
ings should  not  be  confined  to  Ihc  school  lot  only,  but  should  extend 
outside  the  lot  some  distance,  as  there  is  danger  in  case  of  a  cave  in 
any  seam,  of  the  side  pull  damaging  the  building. 
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It  is  also  deemed  important  to  refer  particularly  to  No.  23  School, 
where  the  Kock  and  the  Big  bed  pillars  now  in  place  should  not 
under  any  circumstances  be  disturbed,  neither  under  the  school  lot 
nor  for  some  distance  outside  of  it,  as  shown  by  the  maps  formerly 
submitted  to  the  school  board  by  the  North  End  Coal  Co.  We  also 
suggest  that  the  openings  under  this  school  property  should  be 
flushed  full  of  sand,  culm,  or  other  material. 

The  best  manner  of  applying  an  effective  remedy  for  this  serious 
menace  is  difficult  to  determine,  because  the  openings  are  so  large, 
on  account  of  the  thickness  of  the  seams,  and  there  is  the  difficulty 
of  procuring  the  material  for  tins  purpose. 

DUNMORE  BEDS. 

The  deeper-lying  Dunmore  beds  under  the  major  portion  of  the 
city,  constitute  a  class  by  themselves.  They  are  in  many  places  so 
thin  that  during  mining  much  top  or  bottom  rock  has  been  rsmoved 
in  all  the  gangway's  and  along  roads  in  the  chambers  to  make  room 
for  cars  and  mules.  This  rock  with  the  large  quantity  of  interstratified 
refuse  that  is  usually  present  in  the  coal  beds  nearly  fills  the  inined- 
out  space  when  stowed  in  the  chambers,  and  thus  constitutes  a 
check  to  quick  or  total  subsidence.  Then,  too,  the  thickness  of  the 
rock  over  the  coal  is  generally  so  great  that  local  caves  in  the  work- 
ings are  not  likely  to  affect  the  surface.  The  greatest  menace  to  the 
surface  property  from  these  deep  thin  beds  is  through  a  general 
subsidence — a  creep  or  squeeze  extending  over  large  areas.  Even 
then  the  settlement  will  be  gradual,  and  as  a  rule  so  uniform  as  to 
cause  little  or  no  damage  to  surface  property,  except  where  the  uni- 
formity of  the  subsidence  is  interrupted  or  prevented  by  the  presence 
of  very  large  pillars  or  solid  blocks  of  unmined  coal,  hi  which  event, 
buildings  located  on  the  surface  over  or  near  the  margin  of  such  large 
pillars  will  be  liable  to  considerable  damage  by  the  side  pull,  or 
uneven  subsidence. 

In  consequence  of  these  facts  we  would  advise  as  a  measure  of 

preventing  damage  to  surface  improvements  over  these  deeper  beds 

that  the  Dunmore  beds  be  mined  in  the  usual  manner  under  large 

blocks  of   coal  now  held   as  reservations  in  any  of  the  coal  beds 

overlying  the  Dunmore  and  not  at  present  mined  nor  intended  to  be 

mined. 

RECAPITULATION. 

Thus,  to  recapitulate,  we  have  three  general  sets  of  conditions 
which  naturally  divide  the  coal  workings  into  as  many  separate 
classes,  to  wit: 

1.  The  surface  beds,  viz,  on  the  west  side,  the  Eight-foot,  Five- 
foot,  and  Four-foot ;  on  the  east  side,  the  Big,  New  County,  Clark, 
and  Dunmore  No.  2,  of  which  the  latter  are  surface  beds  under  dif- 
ferent parts  of  the  south  side  and  central  city  sections. 
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2.  The  middle  series  of  beds,  \  Lz,  Diamond,  Rock,  Big,  New  County, 

and  Clark,  under  the  Hyde  Park  and  Providence  sections. 

3.  The  three  lowest  beds,  Dunmore  Xo.  1,  Dunmore  No.  2,  and 
Dunmore  Xo.  3,  under  the  major  part  of  the  city. 

METnODS  FOR  SURFACE  SUPPORT. 

The  methods  employed  at  the  present  time  for  supporting  the  sur- 
face over  the  coal  mines  under  the  city  of  Scranton  are  of  two  general 
classes,  which  may  he  termed  natural  and  artificial. 

NATURAL  OR  PILLAR  SUPPORT. 

The  natural  method,  of  course,  consists  in  leaving  pillars  of  coal 
sufficiently  strong  to  support  the  weight  of  the  earth  and  rock  that 
overlie  the  coal  bed.  The  efficiency  and  value  of  these  supports 
depend  upon  their  size.  That  is,  the  horizontal  area,  the  height  of 
the  pillar  (which  is  fixed  by  the  thickness  of  the  coal  bed),  the  com- 
pressive strength  of  the  coal,  the  regularity  of  distribution  of  the 
pillars,  and  whether  or  not  they  are  columnized  with  respect  to  pillars 
in  near-by  overlying  or  underlying  beds,  all  have  to  be  considered. 
In  this  vicinity  the  size  of  pillars  has  been  mainly  regulated  by  the 
one-third  rule  previously  mentioned. 

ARTIFICIAL  SUPPORT. 

FLUSHING. 

There  are  several  artificial  methods  of  roof  support,  the  principal 
and  most  effective  of  which  is  known  as  the  flushing  method.  In 
this  method  coal  culm  and  other  fine  refuse  is  washed  into  the 
mines  tlirough  pipes  by  means  of  a  stream  of  water,  thus  filling  the 
desired  portions  of  the  mine. 

Tliis  method  was  first  used  at  Shenandoah,  Pa.,  by  the  Philadel- 
pliia  &  Reading  Coal  &  Iron  Co.  Afterwards  it  was  introduced  at 
Plymouth,  Pa.,  and  now  has  been  adopted  and  is  in  practice  over 
the  whole  anthracite  region.  Only  culm  is  used,  and  the  method 
has  been  adopted  mainly  for  the  purpose  of  protecting  those  parts 
of  the  mine  or  of  the  surface  which  it  is  necessary  to  support  in 
order  to  maintain  the  mining  operations. 

Under  Scranton  considerable  flushing  has  been  done  at  various 
places,  as  indicated  in  the  chapter  on  "Present  mining  conditions." 
Foreign  engineers,  after  inspecting  the  process  in  tins  country,  have 
adopted  it  in  Europe.  There,  much  extended  and  amplified,  it  is 
now  an  essential  part  of  the  more  recent  mining  methods  by 
which  the  engineers  are  able  to  recover  all  the  coal;  the  exca- 
vated spaces  are  filled  by  the  flushing  method  with  crushed  rock, 
sand,  gravel,  and  soil  obtained  from  quarries  opened  for  the  purpose, 
and  also  with  ashes  and  city  refuse,  some  of  which  is  transported 
long  distances  over  the  surface  to  the  flush  pipes.     Foreign  engineers 
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find  that  when  they  thus  remove  all  the  coal,  a  gradual  though 
small  surface  settlement  results,  the  amount  of  which  depends 
upon  the  depth  and  the  thickness  of  the  coal.  In  this  country, 
however,  we  can  not  hope  to  profitably  use  such  expensive  mining 
methods  as  may  obtain  abroad,  because  the  cost  of  labor  in  the  United 
States  is  very  much  greater  and  the  market  price  of  coal  very  much 
less  than  in  Europe.  The  appearance  of  culm  flushing  is  shown  by 
Plate  26. 

COGS. 

It  is  frequently  necessary  in  the  course  of  mining  to  make  use  of 
some  roof-supporting  device  that  may  be  quickly  constructed  and 
is  withal  possessed  of  great  strength.  The  timber  crib  filled  with 
mine  rock — known  in  mining  parlance  as  a  "cog" — has  been  found 
to  answer  these  conditions  in  a  very  satisfactory  manner,  and  is 
extensively  used  in  all  coal-mining  districts.  The  cog  consists  sim- 
ply of  a  rough  crib  of  stout  logs  placed  one  above  the  other,  log- 
house  fashion,  the  spaces  between  the  logs  being  chinked  and  the 
interior  being  filled  with  rock  from  the  mine.  (See  PI.  27  A.)  This 
construction  is  quickly  erected,  and  possesses  great  strength.  Of 
course  it  is  not  permanent  because  the  timbers  decay  in  a  few 
years.  Cogs  are  mainly  used  for  the  purpose  of  stopping  a  settle- 
ment, squeeze  or  creep  which  the  mine  foreman  knows  to  be  immi- 
nent or  in  progress.  A  view  of  a  squeezed  area  in  the  Dunmore 
bed  is  shown  in  Plate  29  A.  When  sufficient  cogs  are  placed  in  proper 
localities  the  strata  above  the  bed  will  frequently  crack  tlirough 
to  the  surface,  and  the  progress  of  the  squeeze  or  creep  will  thus  be 
stopped. 

GOB    PIERS. 

Gob  piers  are  pillars  built  of  such  refuse  rock  as  may  be  readily 
found  in  most  mines — mainly  bony  coal,  fire  clay,  and  slate.  Such  rock 
is  mostly  soft  and  does  not  possess  very  great  compressive  strength. 
Some  of  these  piers  have  a  square  outer  or  inclosing  wall,  and  are 
filled  with  mine  refuse  shoveled  into  them.  In  others  the  interior 
is  laid  up  by  hand  and  the  rocks  are  more  carefully  compacted  b}r  filling 
the  voids  with  fine  mine  refuse. 

A  great  many  such  piers  have  been  built  under  localities  in  the 
city  of  Scranton  for  the  purpose  of  supporting  the  roof  under  valu- 
able surface  improvements.  (See  Pis.  27  B  and  28.)  The  value  of 
such  piers,  that  is,  their  supporting  strength,  depends  upon  the  com- 
pressive strength  of  the  materials  of  which  they  are  constructed. 
The  value  will  be  greater  if  the  voids  between  the  larger  pieces  are 
filled  with  the  small  rock  and  shoveled  material  from  the  mine. 

GOB    STOWAGE    IX    ROOMS. 

Most  coal  beds  consist  of  interstratified  layers  of  coal,  fire  clay, 
slate,  and  bony  coal;  the  three  latter,  of  course,  compose  the  prin- 
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FLUSHING,   OXFORD   MINE. 


B.     GANGWAY  CUT  THROUGH    FLUSHING,   CULM   STANDING  AS  A 
VERTICAL  SELF-SUSTAINING  WALL,  OXFORD   MINE. 


JREAJ    OF    VINES 
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A.     TIMBER  AND  ROCK  COG,  IN   BELLEVUE   MINE. 


B.      GOB   PIER   IN    DUNMORE   NO.   2    BED,    NATIONAL   MINE. 
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cipal  refuse  material  of  the  mine.  Li  all  the  mining  methods  adopted 
under  the  city  of  Scranton,  all  the  material  of  the  coal  beds  that  is 
not  coal  is  laid  aside  as  refuse  and  stowed  away  in  the  chambers, 
either  on  one  side  or  on  both  sides  of  the  mine  tracks.  In  thin  beds 
where  it  is  necessary  to  remove  some  of  the  roof  rock  or  take  up  some 
of  the  floor  of  the  mine  in  order  to  obtain  height  sufficient  for  the 
mules  and  the  men  to  travel  along  the  roads,  much  mine  refuse  is 
produced,  which  is  also  stowed  in  the  chambers.  In  beds  less  than 
4  feet  thick  many  chambers  are  filled  with  mine  refuse  or  gob,  as  it 
is  more  familiarly  termed,  from  floor  to  roof.  In  places  this  gob  is 
mereiy  thrown  in  carelessly,  or  is  shoveled  in;  in  other  localities  it 
is  packed  as  tightly  as  possible  by  hand.  It  frequently  happens 
that  the  whole  chamber  from  pillar  to  pillar  is  packed  full  of  mine 
refuse.  Where  there  is  much  intcrstratified  fire  clay  or  bone  in  the 
coal  bed  there  will  be  larger  quantities  of  the  gob,  and  the  thinner 
the  bed  the  greater  will  be  the  quantity  of  mine  rock  raised  or  taken 
down  for  roads.  Consequently,  this  stowage  of  gob  in  the  rooms  of 
the  mines  under  the  city  of  Scranton  becomes  an  important  item 
when  the  support  of  the  surface  over  these  coal  beds  is  considered. 
As  in  the  case  of  the  gob  piers  and  the  cogs,  the  supporting  value  of 
stowed  gob  depends  upon  the  compressibility  of  the  material  of 
which  it  is  composed. 

CONCRETE    AND    MASONRY    PIERS. 

The  above  methods  of  artificial  support  already  mentioned  are  com- 
paratively cheap  to  install.  Some  other  methods  of  support  used 
in  the  city  of  Scranton  are  concrete  and  sandstone  piers.  In  these 
the  material  for  construction  has  been  introduced  from  the  surface 
(through  bore  holes  in  the  case  of  concrete  or  through  shafts  from 
the  surface  in  the  case  of  blocks  of  sandstone),  and  in  the  mine  has 
been  wrought  into  substantial  piers  by  the  use  of  cement.  (See 
PI.  29  B.)  Though  these  forms  of  piers  are  much  more  substantial 
than  those  previously  mentioned,  they  are  also  much  more  costly; 
consequently  fewer  of  them  have  been  installed. 

IRON    PROPS. 

In  one  place,  namely,  in  the  Big  bed  under  the  Central  High  School 
building  in  this  city,  a  number  of  iron  props  or  posts  have  been 
installed  as  additional  roof  support.  There  has  been  no  subsidence 
of  pillars  in  the  locality  where  they  have  been  used;  therefore  the 
supporting  value  of  the  props  has  not  been  tested  and  their  efficiency 
is  largely  a  matter  of  opinion.  In  any  case  they  are  costly  to  install, 
and  it  is  entirely  probable  that  much  more  efficient  means  might  be 
used  for  the  same  purpose  at  less  expenditure. 
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TESTS  OF  BOOF-SUPPORTING  DEVICES. 
COMPRESSIVE   STRENGTH   OF  ANTHRACITE. 

In  1903  an  exhaustive  series  of  tests  was  conducted  under  the 
direction  of  a  committee  of  the  Scranton  Engineers'  Club  for  the 
purpose  of  determining  the  compressive  strength  of  anthracite  coal. 
The  report  of  this  committee  on  tests  is  printed  in  an  appendix 
(see  p.  77)  to  tins  report.  The  results,  however,  may  be  summed  up 
briefly  in  the  statement  that  a  pressure  of  216  tons  per  square  foot 
will  cause  the  average  ordinary  mine  pillar  to  begin  cracking,  and 
a  pressure  about  twice  as  great  (432  tons  per  square  foot)  will 
crush  it  to  powder. 

This  general  statement,  however,  does  not  apply  equally  to  all 
coal  beds,  for  the  tests  prove  a  great  variation  in  strength,  even 
between  different  parts  of  the  same  bed.  In  some  instances  the 
weight  required  to  crack  the  pillars  was  as  low  as  30  tons  per  square 
foot. 

TESTS    AT   LEHIGH   UNIVERSITY. 

In  order  to  test  the  value  of  the  several  artificial  devices  for  sup- 
porting the  roof  of  a  coal  mine,  as  well  as  to  search  out  an  inex- 
pensive combination  of  materials  which  might  be  more  cheaply 
installed  and  withal  more  permanent  and  efficient,  and  better  adapted 
to  certain  localities  than  some  of  those  mentioned,  we  prosecuted 
a  series  of  tests  at  the  Fritz  engineering  laboratory  at  Lehigh  Uni- 
versity, South  Bethlehem,  Pa.,  the  results  of  which  are  also  given  in 
an  appendix  (see  p.  83)  to  this  report.  A  tabulated  summary  of  the 
results  follows,  and  from  it  inining  engineers  may  readily  compute 
the  supporting  value  of  any  particular  construction. 


BUREAU    OF    MINES 


A  GOB  PIER   IN   CLARK   BED  UNDER  CENTRAL    HIGH  SCHOOL 
BUILDING,   PINE   BROOK   MINE. 


SIMILAR  PIER  WITH   FLUSH   PIPE  PASSING  THROUGH   SHOWS 
SUPERFICIAL  CHARACTER  OF  MORTAR  POINTING. 


BUREAU    OF    MINES 
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vl.     VIEW   IN   SQUEEZED  AREA   IN   DUNMORE   BED,  LEGETTS  CREEK   MINE. 


B.     SANDSTONE  AND   CEMENT  MASONRY  PIER   IN   DUNMORE   NO.  2 
BED  UNDER  SCHOOL  NO.   15,   NATIONAL  MINE. 
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DRY  FILLING. 

Although  we  recognize  that  the  flushing  process  is  the  most  substan- 
tial method  for  artificially  supporting  the  roof  of  coal  mines,  and  that 
it  is  also  universally  suitable  for  thin  or  thick  beds  and  deep  or  shallow 
beds,  nevertheless  the  method  is  not  always  applicable  or  con- 
venient. There  are  many  localities  in  the  coal  mines  where  it  may 
be  either  preferable  or  permissible  to  resort  to  some  of  the  other  less 
efficient  or  less  costly  methods  of  roof  support,  which  for  one  reason 
or  another  are  more  adaptable  to  a  particular  locality.  Therefore 
we  refer  to  the  improvements  that  may  be  made  in  the  different 
methods  of  dry  filling. 

IMPROVED   METHODS   OF    GOB    STOWAGE. 

Formerly  the  gob  of  coal  mines  was  disposed  indiscriminately 
over  the  chamber  at  the  side  of  the  roadway,  mainly  for  the  purpose 
of  getting  rid  of  it  at  as  little  cost  as  possible.  A  casual  inspection 
of  the  comparative  table  of  tests  on  page  55  will  show  that  well- 
constructed  gob  piers  are  much  stronger  than  those  indifferently 
built.  It  is  also  evident  that  in  supporting  the  roof  of  coal  mines,  as 
well  as  in  other  matters,  ' '  an  ounce-  of  prevention  is  worth  a  pound 
of  cure."  The  effort,  therefore,  should  be  to  prevent  the  first  small 
settlement,  and  the  way  in  which  to  accomplish  this  effort  as  far  as 
possible  in  the  matter  of  stowage  will  be  to  pack  the  rock  fragments 
carefully  and  tightly  against  the  sides  of  the  pillars  from  floor  to 
roof,  irrespective  of  the  horizontal  area  occupied,  and  to  use  the 
fine  refuse,  so  far  as  may  be,  to  fill  the  voids.  If  the  gob  now  con- 
tained in  the  thinner  seams  under  the  city  of  Scranton  had  been  care- 
fully packed  so  as  to  completely  fill  the  space  from  floor  to  roof  it 
would  not  only  reinforce  and  preserve  the  strength  of  the  coal  pillars, 
but  would  present  very  much  greater  resistance  to  pressure  and  would 
be  a  much  more  efficient  roof  support  than  is  afforded  by  the  usual 
present  stowage  with  1  to  2  feet  of  space  between  the  top  of  the 
stowed  gob  and  the  mine  roof. 

In  some  beds  now  working  there  is  a  surplus  of  mine  rock  which 
can  not  be  stowed  in  the  chambers  and  must  be  hauled  out  into  other 
parts  of  the  mines.  If  it  is  determined  to  continue  thus  to  stow 
this  material  instead  of  hauling  it  to  the  surface  and  grinding  it  for 
flushing  purposes,  as  has  been  previously  mentioned  (see  p.  55),  the 
purpose  of  roof  support  would  be  better  served  if  the  places  for 
depositing  this  surplus  stowage  were  selected  with  reference  to  the 
weak  parts  of  the  mines,  or  with  reference  to  the  support  of  the 
ground  under  some  particularly  valuable  surface  improvement. 

Commendable  work  is  being  done  along  this  line  at  the  Cayuga 
mine  of  the  Delaware,  Lackawanna  &  Western  Railroad;  the  pillars 
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are  being  extracted  in  a  surface  bed  and  the  spate  formerly  occupied 
both  by  the  chambers  and  the  pillars  is  being  completely  filled  with 

surplus  rock  taken  from  a  lower  bed. 

BLASTING    ROOF   AND   FLOOR    IX    THINNER    BEDS. 

It  is  a  well-known  fact  that  loose  rock  occupies  one  and  two-thirds 
to  two  times  the  volume  of  the  same  weight  of  solid  rock.  In  other 
words,  if  a  cubic  yard  of  solid  rock  be  broken  to  pieces  the  pieces 
will  occupy  a  space  of  1§  to  2  cubic  yards. 

We  have  conceived  the  idea  of  taking  advantage  of  this  fact  for 
the  purpose  of  cheaply  producing  an  adequate  roof  support  for 
certain  classes  of  coal  beds  under  the  city.  So  far  as  we  know,  this 
method,  in  its  entirety,  has  never  been  used  before  in  any  coal-mining 
district,  and  the  suggestion  is  here  made  for  the  first  time. 

The  process  would  be  applicable  to  beds  less  than  6  feet  thick  and 
so  situated  that  the  shock  of  heavy  blasting  would  not  produce 
ruptures  of  the  measures  supporting  adjacent  coal  beds.  It  consists 
simply  in  blowing  up  the  floor  of  the  mine  to  a  depth  equal  to  the 
thickness  of  the  bed,  and  blowing  down  the  roof  of  the  mine  directly 
over,  to  a  height  equal  to  the  thickness  of  the  bed.  This  would  pro- 
duce a  total  thickness  of  loose  rock  equal  to  three  times  the  thick- 
ness of  the  coal  bed.  The  rock  would  be  well  packed  together  and 
have  great  supporting  power,  and  the  process  would  be  comparatively 
inexpensive. 

Tins  method  might  be  adopted  throughout  the  Dunmore  and 
other  thin  seams,  by  blasting  down  the  roof  and  raising  the  floor  in 
the  abandoned  rooms  or  the  roadways  between  the  gob  piles  in  the 
chambers.  Wherever  it  is  applied  the  effort  should  be  to  com- 
pletely fill  the  whole  width  of  the  chamber  or  roadway  from  pillar  to 
pillar,  so  that  the  loose  rock  will  be  confined  between  the  pillars,  thus 
greatly  increasing  its  resistance  to  compression.  The  value  and 
supporting  power  of  this  method  of  roof  support  and  of  other  methods 
will  be  referred  to  below. 

GOB    PIERS    AND   TIMBER    COGS. 

There  are  localities  under  the  city  of  Scranton  where  it  has  been 
deemed  advisable  in  the  past  to  build  gob  piers  for  the  support  of  the 
roof  overlying  certain  surface  beds.'  The  Lehigh  University  tests 
mentioned  in  this  report  show  that  this  method  of  support  lacks  the 
merit  of  strength.  The  piers  are  very  compressible,  and  as  they 
have  been  built  heretofore  their  supporting  value  is  small.  Their 
efficiency  would  be  greatly  increased,  as  shown  by  the  differences 
between  test  No.  1  and  No.  2  (pp.  83-84),  by  building  them  in  cir- 
cular form  and  carefully  filling  all  the  voids  between  the  larger  pieces 
with  smaller  particles  of  shovel  stuff. 
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CONCRETE    PIERS. 

During  the  progress  of  this  inrestigation  many  persons  have  called 
our  attention  to  concrete  piers  as  suitable  for  firm  roof  supports. 
This  material  is  so  costly,  however,  that  we  have  hesitated  to  recom- 
mend it  except  perhaps  in  special  cases  where  very  valuable  surface 
property  requires  unyielding  support  and  the  expense  of  such  support 
is  no  object. 

We  have  tested  the  strength  of  one  sample  of  concrete  composed 
of  about  the  cheapest  good  materials  available  for  this  locality,  i.  e., 
cement,  sand,  and  gravel.  The  results  of  this  test  are  shown  in  Table 
3,  test  15,  and  Table  4,  test  14  (pp.  55,59).  It  will  be  noted  that 
such  concrete  is  firm  and  comparatively  unyielding  up  to  a  certain 
maximum  strength  sufficient  to  cause  about  3  per  cent  of  compression 
and  cracking,  beyond  which  a  much  less  weight  will  crush  it  to 
powder.  This  latter  characteristic  is  an  exceptionally  bad  one  for 
a  mine  roof  support,  because  such  piers  are  liable,  under  the  excessive 
stress  due  to  a  general  squeeze,  to  collapse  quickly,  and  thus  permit 
the  sort  of  caving  that  resembles  a  small  though  severe  local  earth- 
quake in  its  suddenness  and  excessively  damaging  effect  on  the  sur- 
face improvements. 

DRY    FILLING    WITH    BROKEN    STONE    OR    SAND. 

For  the  construction  of  isolated  and  more  substantial  low-cost 
piers  in  the  surface  beds  under  the  city,  to  take  the  place  of  the  gob 
piers  for  the  purpose  of  the  local  support  of  valuable  surface  improve- 
ments where  general  flushing  is  not  convenient,  we  strongly  recom- 
mend the  filling  with  broken  stone  or  sand,  or  a  combination  of 
these  materials,  through  bore  holes  from  the  surface. 

Filling  of  this  sort  should  be  spread  out  by  hand  in  the  inside  of 
the  mine  so  that  it  completely  fills  the  whole  width  of  the  space  from 
pillar  to  pillar,  and  thus,  being  more  or  less  confined  has  its  support- 
ing power  increased.  If  broken  stone  is  used  the  relative  proportion 
of  the  voids  should  be  ascertained  and  an  amount  of  sand,  coal  ashes, 
or  other  fine  material  added  sufficient  to  fill  these  voids. 

By  this  method  one  bore  hole  4  to  6  inches  in  diameter  would  be 
necessary  for  each  pier,  and  inasmuch  as  these  materials,  if  flushed  in 
by  water,  are  much  more  closely  packed  and  have  from  ten  to  fifteen 
times  the  compressive  strength  of  dry  filling,  it  would  always  be 
wise,  if  water  is  handy  or  is  not  too  costly,  to  flush  the  material  in, 
using  in  some  cases  the  city  water,  or  the  water  from  the  gutters 
during  the  storm  seasons  for  the  purpose.  The  more  sand  there  is 
in  the  mixture  the  better  it  will  be,  for  our  tests  have  shown  that 
clear  river  sand  is  the  strongest  and  least  yielding  material  available, 
if  it  is  flushed  into  and  confined  in  the  limits  of  a  mine  chamber; 
moreover  it  is  about  the  cheapest  material  obtainable  for  this  purpose 
in  Scranton. 
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The  following  table  sets  forth  the  value  of  the  above  devices  for 
dry  filling,  and  also  the  value  of  the  different  materials  that  are 
available  for  flushing  coal  mines  in  this  locality.  The  values  are 
directly  deduced  from  the  results  of  the  tests  made  by  us  at 
Lehigh  University,  and  we  think  are  sufficiently  clear  to  be  self- 
explanatory.  We  might  add,  however,  that  test  1  would  represent 
the  ordinary  supporting  value  of  gob  piers  or  gob  pillars.  Test  2 
represents  the  value  of  well-constructed  gob  piers,  while  tests  6,  7, 
and  8  set  forth  the  supporting  value  of  mine  rooms  filled  with  rock 
blasted  from  the  floor  and  roof,  as  heretofore  mentioned;  and  tests 
12  and  13  indicate  the  supporting  strength  of  fine  materials,  such  as 
coal  culm  and  river  sand,  if  flushed  in  with  water.  At  the  bottom  a 
comparison  is  made  between  the  supporting  value  of  the  flushed 
culm  and  the  flushed  sand,  and  the  concrete  piers  of  the  same  nature 
as  the  sample  tested. 


Table  4.-  Supporting  strength  of  various  forms  of  dry  filling. 


Kind  of  material  comprising  the  arti- 
ficial supports. 


Ter  cent  of  compression. 


Rectangular  gob  piers,  ordinary 
const  rod  km 

Circular  piers  of  mine  rock  well  con- 
structed   

Timber  ecus  tilled  with  gob,  aver- 
age const  ruction 

Loose  pile  of  broken  sandstone 
through  12-inch  ring,  40  per  cent 
voids 

Tile  broken  sandstone,  40  per  cent 
voids,  voids  filled  with  sand 

Loose  pile  largo  size  broken  sand 
rock,  -!•">  per  cent  voids 

Mine  room  filled  with  large  broken 
sand  rock,  50  per  cent  voids 

Mine  room  filled  with  broken  sand- 
stone, 40  per  cent  voids 

Mine  room  filled  with  broken  sand- 
stone, 40  per  cent  voids  filled  w  ith 
sand 

Mine  chamber  filled  with  dry  coal 
M  percent  voids 

Mine  room  QUed  with  dry  river  sand. 

Mine  room  tilled  with  river  sand 
Bashed  In  with  water 

Mine  chamber  Oiled  with  coal  cufan 
Bushed  In  with  water 

Concrete  pier.  1  part  cement.  7  parts 
sand  and  gravel;  5  months  old 


Approximate  depth,  in  feet,  of  column  of  coal 
measure  rock  1  foot  square,  necessary  to 
compress  art  ificial  roof  supports— 


Feci. 


12 

111 
38 
117 


Feet. 
10 


46 


13 

40 

522 

118 

1.092 


Feet. 

12 

75 
GS 

20 
21 
66 
45 
74 


891 
190 


Fed. 
36 

146 

1S2 

53 
53 
121 
117 
177 

325 

70 
442 

2, 310 

472 


20 


Feet. 
125 

292 

270 

124 
186 
351 
434 
619 

6,000 

143 
1,715 


Feet. 

306 

512 
419 

298 

465 

492 

"615 

1,310 

6  8.860 

332 

6,640 

■•8,860 
5.905 


1,822 
.Gradually  cracked  to  pieces 
under  continuous  load  equal 
to  600  feet  of  rock. 


Remarks. 


Free  to  expand 
laterally. 


Resistance  of  flushed  culm. 
Resistance  of  Bus! 

Concrete  pier 


1 

3.5 
3.  6 


1 
4.4 


1 

1 

1 

4.7 

5 

4 

<*> 

(<*) 

M> 

(d> 

Comparative. 


a  27  per  cent  settlement. 

6  23  per  cent  settlement. 


c  20J  per  cent  settlement, 
d  Worthless. 
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SUGGESTIONS     FOR     IMPROVEMENT     IN     MINING 
METHODS  AND  PILLAR   SUPPORT. 

The  solid  coal  remaining  to  be  mined  under  the  city  of  Scranton 
is  mainly  in  the  Dunmore  beds  Nos.  1,  2,  and  3.  These  beds  are  from 
200  to  600  feet  below  the  surface  under  the  greater  portion  of  the 
city. 

Future  mining  plans,  we  think,  should  provide  for  leaving  at  least 
50  per  cent  of  the  coal  in  these  beds  on  first  mining,  and  the  columni- 
zation  of  the  pillars  throughout  all  new  mining  as  far  as  possible. 

FLUSHING. 

Reference  has  been  made  to  the  practice,  now  quite  general,  of 
flushing  culm  into  the  mines.  Tins  is  being  done  at  nearly  all  of  the 
collieries  within  the  city  limits,  and  the  method  and  effectiveness 
of  this  kind  of  support  was  observed  by  personal  inspection  under- 
ground (see  PI.  26). 

With  reference  to  the  tests  made  at  Lehigh  University  of  the 
compressibility  of  the  several  kinds  of  support  now  in  use  or  sug- 
gested, we  are  of  the  opinion  that  a  practicable  method  for  the  sup- 
port of  the  overburden,  utility  and  cost  being  considered,  is  flushing 
the  openings  with  culm,  ashes,  sand,  broken  stone,  material  excavated 
from  cellars,  and  other  stuff  of  similar  nature  that  can  be  reduced 
to  a  size  small  enough  to  be  carried  in  pipes  with  water. 

As  before  referred  to,  the  flushing  of  mines  for  the  support  of  the 
overburden  has  been  adopted  in  Europe  with  marked  success,  both 
in  the  matter  of  support  and  recovery  of  all  the  mineral;  the  material 
used  for  filling  being  sand,  loam,  crushed  slag,  and  crushed  stone. 

It  is  manifest  that  the  quantity  of  culm  available  for  flushing  the 
extensive  mine  openings  is  insufficient,  even  if  all  of  that  now  on  the 
surface  within  the  city  limits,  together  with  that  produced  in  the 
preparation  of  the  present  output  of  coal  were  put  into  the  mines. 

According  to  figures  we  have  assembled  and  supplemented  with 
estimates,  it  appears  that  there  has  been  extracted  from  the  beds 
underlying  the  city,  approximately  221,000,000  tons  of  coal  and  other 
material. 

The  workings  under  the  city  are,  of  course,  not  all  open,  large  areas 
having  been  closed  by  general  caves  and  squeezes.  It  is  not  possible 
to  determine  the  proportion  of  openings  that  have  been  thus  closed 
or  filled,  but  a  conservative  estimate  of  the  space  now  open  would 
be  that  it  probably  does  not  exceed  50  per  cent  of  the  original. 

The  positive  protection  of  all  of  the  surface  would  appear  to  re- 
quire the  filling  with  some  supporting  material  of  all  of  the  open 
spaces  as  rapidly  as  the  coal  is  extracted;  but  such  a  scheme  is,  of 
course,  impracticable.     It  therefore  remains  to  determine  about  what 
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proportion  of  the  openings  to  be  Hushed  would  afford  reasonable  pro- 
tection. To  determine  this  point  definitely  would  necessitate  a  much 
more  thorough  investigation  and  more  detailed  surveys  than  werecon- 
templated  in  the  general  investigation  upon  which  we  are  now  en- 
gaged. We  would,  however,  express  the  opinion  that  conditions  could 
be  materially  improved  by  the  insertion  of  artificial  pillars  reinforcing 
the  natural  pillars  of  coal  in  blocks  of  from  1  to  5  acres  at  points 
whore  the  danger  of  subsidence  appears  greatest  ;  such  artificial  pil- 
lars to  be  arranged  with  some  degree  of  regularity,  so  that  the  over- 
lying strata  between  the  artificial  pillar  supports  would  act  as  natural 
bridges.  This  suggestion  is  made  in  order  to  distribute  the  relief 
measures  over  as  large  an  area  as  possible,  and  to  keep  the  burden 
of  expense  within  reasonable  bounds. 

The  fact  that  the  best  and  most  practicable  of  supports  is  obtained 
by  flushing  refuse  material  into  the  openings  having  been  deter- 
mined, it  remains  to  ascertain  the  sources  of  supply  of  this  material, 
and  the  practicable  methods  of  handling  it. 

"We  would  classify  the  materials  obtainable,  in  about  the  following 
order: 

CULM    rilo.M    OLD    AND    FROM    FRESII-MINED  BANKS. 

Culm  is  now  being  used  for  flushing  mine  workings.  We  make  no 
further  comment,  excepting  to  refer  to  the  test  of  its  compressi- 
bility, and  to  the  fact  that  we  had  opportunities  to  observe  the 
methods  of  distribution  of  the  material  underground,  and  to  note  the 
apparent  support  given  to  the  existing  coal  pillars  and  to  the  over- 
burden. 

SURPLUS    MINE    ROCK. 

The  second  source  of  supply  of  material,  in  the  order  of  availa- 
bility, we  believe  would  be  the  surplus  mine  rock  that  is  produced 
in  the  mining  of  the  thin  beds  of  coal  where  either  roof  or  floor  must 
be  removed  to  make  height.  It  was  observed  in  most  of  the  thin 
beds  visited  that  considerable  quantities  of  this  material  are  handled, 
either  being  stowed  in  the  chambers  or  loaded  into  mine  cars  and 
hauled  to  some  distant  point  to  be  unloaded  by  hand  into  abandoned 
mine  openings.  While  this  stowage  of  gob  affords  some  measure 
of  support  to  the  coal  pillars  and  the  roof,  the  compressibility  of  the 
material,  as  shown  by  the  tests,  is  so  great  that  the  material  if  put  in 
by  ordinary  stowage  is  practically  useless  as  an  effective  support, 
particularly  at  great  depths.  We  believe,  therefore,  that  this 
material  should  be  loaded  into  cars,  hauled  outside,  and  handled 
over  an  efficient  dump  and  through  crushing  rolls  of  proper  design 
for  pulverizing  hard  materials.  The  ground  material  should  then  be 
flushed,  with  the  culm  produced  at  the  mine,  into  the  portions  of  the 
mine  workings  where  it  will  do  the  most  good. 
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In  addition  to  this  source  of  supply  of  filling  material,  it  would 
probably  be  found  practicable  to  install  handling  and  crushing 
machinery  at  each  of  the  mining  operations  within  the  city  limits,  to 
pick  up  refuse  material,  such  as  old  rock  banks,  ash  banks  and  slag,  and 
to  grade  off  humps  and  hills  of  earth  and  comparatively  soft  rock, 
and  to  treat  this  material  in  the  same  manner.  The  cost  of  handling 
and  flushing  such  foreign  material  in  connection  with  the  going 
operations  of  the  several  mines,  would,  of  course,  be  very  much  less 
per  cubic  yard  than  it  would  be  in  the  case  of  an  independent  plant 
established  for  obtaining  and  handling  flushing  material  elsewhere. 

RIVER    SAND. 

The  next  source  of  supply  of  material  for  flushing  purposes,  and  one 
that  we  deem  of  considerable  importance,  is  the  Lackawanna  River. 
It  is  a  well-known  fact  that  this  stream  of  water  carries  in  suspension 
large  quantities  of  culm,  sand,  and  loam  at  all  times,  and  especially 
during  the  flood  season.  Of  course  it  is  impossible  to  determine 
without  careful  tests  the  quantity  of  this  material  in  cubic  yards, 
but  we  do  not  hesitate  to  express  the  opinion  that  there  is  enough  of 
it,  and  will  continue  to  be,  to  justify  the  establishing  of  settling 
basins  and  of  a  pumping  plant  for  distributing  the  material  thus 
impounded  to  points  in  the  mine  workings  where  artificial  pillars  are 
to  be  inserted. 

To  utilize  this  source  of  supply,  it  would,  in  our  opinion,  be  advis- 
able either  to  purchase,  or  to  procure  long-term  leases  on,  river-bottom 
lands  at  various  points  where  suitable  catch  basins  could  be  excavated, 
and  to  procure  a  site  for  a  central  pumping  plant  for  the  purpose  of 
handling  this  material.  When  such  a  plant  is  established,  arrange- 
ments could  be  made  to  let  down  from  the  catch  basins,  at  points 
upstream,  the  accumulated  material;  this  would  be  carried  b}-  the 
stream  to  a  central  basin  somewhere  within  the  city  limits. 

We  believe  similar  impounding  basins  on  a  smaller  scale  might  be 
practicable  on  Roaring  Brook,  and  that  such  material,  if  gathered  at  a 
higher  elevation,  might  be  flushed  to  near-by  mine  workings  by 
gravity. 

CITY    REFUSE. 

Another  source  of  supply  of  material  for  flushing  purposes  would  be 
city  ashes  and  refuse  from  the  streets  and  catch  basins;  also  material 
from  cellar  excavations,  grading  of  streets,  parks,  etc.,  which  of  course 
would  have  to  be  put  through  a  crushing  plant  and  reduced  to  such  a 
size  that  it  could  be  handled  by  flushing.  For  the  proper  distribution 
of  the  material  just  mentioned  it  would  be  necessary  to  drill  bore  holes 
to  the  mine  workings  at  convenient  points  in  the  city  streets  and 
alleys — preferably  in  the  latter,  because  there  would  be  less  inter- 
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ference  with  traffic.  The  necessary  water  for  flushing  this  material 
would,  of  course,  be  supplied  from  the  central  pumping  plant  on  the 
river  or  from  the  Roaring  Brook  gravity  supply. 

SAND   FROM    DISTANT   POINTS. 

Another  important  source  of  supply  of  material  which  we  believe 
would  be  practicable  would  l>c  sand  and  loam  that  the  transporta- 
tion companies  should  bring  in  from  distant  points  along  their  rail- 
roads, where  it  can  be  most  economically  procured,  in  returning 
empty  coal  cars.  This  material  would  have  to  be  dumped  over  a 
suitably  arranged  hopper  and  flushed  into  the  mines  with  culm  and 
other   material. 

A  comparatively  cheap  and  effective  means  for  transportation 
of  flushing  material  on  the  city  streets  to  the  shallow  shafts  and 
bore  holes  suggested  would  be  to  arrange  with  the  traction  company 
to  haul  the  stuff  in  suitably  designed  hopper-bottom  cars  from  the 
central  crushing  plant  during  the  time  of  light  traffic  at  night. 

We  would  suggest  the  establishment  of  about  four  crushing  plants 
so  designed  as  to  be  easily  knocked  down  and  moved  to  other  locations. 
The  material  to  be  handled  by  these  plants  should  be  taken  from 
points  where  grading  of  humps  and  hills  will  result  in  the  improve- 
ment of  highways,  parks,  and  private  or  public  lands. 

In  this  connection  we  would  refer  to  the  very  extensive  grading 
operations  carried  on  in  Seattle,  Wash.  A  large  section  of  the  busi- 
ness center  of  that  city  was  regraded  mainly  by  the  hydraulic  method. 
Hills  100  feet  high  were  cut  or  washed  away,  buildings  were  shored 
up  or  torn  down,  and  the  general  level  of  the  regraded  section  was 
lowered  10  to  30  feet.  The  material  was  flushed  into  Puget  Sound 
by  streams  of  water,  and  large  areas  of  new  land  were  formed  over 
the  low  tide  marshes  along  the  bay  shore.  The  expense  was  met 
by  a  general  city-improvement  tax. 

PLANS,  SPECIFICATIONS,  AND  COSTS. 

The  general  nature  and  wide  scope  of  this  report  necessarily  limit 
us  to  general  plans,  specifications,  and  estimates  of  cost.  The  render- 
ing of  detailed  plans  and  specifications  and  of  exact  estimates  of 
cost  can  be  made  only  after  careful  and  exact  surveys  under  particu- 
larly ascertained  conditions;  such  surveys  should  be  obtained  from 
the  engineers  who  are  to  be  in  charge  of  the  execution  of  the  work 
recommended  in  this  report,  in  case  it  shall  be  entered  upon  by  the 
authorities.  We  therefore  explain  by  way  of  specifications  what  will 
be  necessary  in  our  opinion,  what  we  recommend  to  be  done  to 
ameliorate  the  present  conditions,  and  the  approximate  cost  thereof. 

We  have  made  careful  investigations  of  the  resisting  power  of 
the  various  devices  thus  far  used  for  supporting  the  roof  at  various 
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places  under  this  city,  and  also  of  other  devices  we  were  cognizant 
of  or  hare  ourselves  originated,  but  the  supporting  values  of  these 
various  devices,  as  indicated  in  the  tables  of  tests  presented,  have 
convinced  us  that  the  method  of  flushing  material  into  the  mines 
by  means  of  water  is  the  best  and  only  well-tried  method. 

The  method  we  have  originated  and  experimented  upon  to  some 
meager  extent — that  of  providing  roof  support  by  simultaneously 
blasting  the  floor  and  the  roof  of  the  coal  mine  to  form  a  permanent 
pillar  from  the  debris  resulting  from  the  blasting — is  an  economical 
one,  and  has  its  advantages  for  certain  special  localities  where  the 
overburden  is  light.  Still,  the  amount  of  compression  to  which  the 
pillars  of  this  sort  would  be  liable  is  considerable  and  the  extent  of 
the  possible  disrupting  effect  of  the  heavy  blasting  upon  the  strata 
is  unknown.  Consequently,  much  more  extended  and  practical 
experiments  or  tests  of  the  method  must  be  made  before  its  value 
and  importance  as  a  roof  supporting  device  can  be  established. 

Therefore,  the  only  method  we  feel  like  recommending,  after  a 
careful  study  of  the  conditions,  is  the  flushing  method. 

As  before  mentioned,  the  best  protection  for  the  surface  from 
caves  would  require  the  complete  filling  of  the  mine  openings  with 
culm,  sand,  or  other  form  of  material,  and  even  then  there  would 
be  more  or  less  subsidence  if  pillars  were  removed  and  filled-in  mate- 
rial were  substituted.  The  excessive  cost  of  completely  filling  the 
openings,  and  the  tremendous  magnitude  of  the  project  makes  this 
plan  prohibitive. 

In  our  opinion  reasonable  protection  can  be  afforded  by  the  intro- 
duction of  artificial  pillars  of  flushed  material,  reinforcing  the  nat- 
ural coal  pillars  to  the  extent  of  relieving  them  of  one-third  of  the 
overburden.  Such  artificial  pillars  to  be  located  about  as  follows, 
reference  being  had  particularly  to  the  plans  shown  in  Plates  1  to 
24,  which  are  part  of  this  report. 

Owing  to  the  great  importance  of  substantial  support  for  school 
properties,  we  would  suggest  that  in  each  bed  mined  under  any  school, 
for  at  least  50  feet  outside  the  lot  limits,  or  rather  for  a  distance 
equal  to  one-half  the  depth  of  a  bed  below  the  surface,  the  open- 
ings be  flushed  full  of  the  best  available  material.  The  school  prop- 
erties— being  located  in  all  parts  of  the  city,  and  over  widely  varying 
mining  conditions — would  afford  good  starting  points  from  which 
to  space  the  additional  artificial  pillars  necessary  for  the  protection 
of  the  surface  elsewhere. 

Following  out  the  above  scheme  in  systematic  order,  we  would 
recommend  the  installation  of  artificial  pillars  of  flushed  sand  or 
flushed  culm  at  each  street  intersection  where  the  city  blocks  are 
of  the  usual  size,  about  5  acres,  the  present  coal  pillars  to  remain. 
In  the  case  of  all  coal  beds  of  greater  depth  than  150  feet,  such  pillars, 
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if  at  the  block  corners,  might  be  sufficiently  near  together;  but  for 
less  depth  the  strata  might  be  too  weak  to  bridge  the  whole  width 
of  a  city  block,  even  though  the  usual  coal  pillars  were  left  in  place. 
Therefore  it  would  be  better,  in  the  latter  case,  to  install  pillars  in 
the  center  of  each  block  also,  in  which  case  the  pillars  should  each 
be  about  one-half  as  large  as  if  located  at  the  block  corners  only. 

In  locating  artificial  pillars  intermediate  between  school  proper- 
ties, advantage  should  be  taken  of  those  places  already  flushed  by 
the  coal  companies.  It  will  be  found  that  considerable  filling  of 
this  sort  has  been  done. 

The  question  of  the  size  and  consequent  cost  of  artificial  piers  is 
approached  by  us  with  much  hesitation  and  caution,  because,  although 
we  have  secured  considerable  valuable  information  on  the  subject 
through  the  underground  investigations  we  have  been  making,  we 
know  that  in  the  last  analysis  the  size  of  these  piers  must  be  esti- 
mated from  the  results  of  the  testing  we  have  done  at  the  Fritz 
engineering  laboratory  at  Lehigh  University.  In  view  of  the  great 
magnitude  and  importance  of  the  question  at  stake,  we  realize  that 
these  tests,  which  are  the  first  of  the  kind  that  have  ever  been  made, 
are  very  meager  and  do  not  constitute  a  sufficient  foundation  upon 
which  to  base  final  conclusions. 

Therefore  we  have  decided  to  use  a  factor  of  safety  of  two.  In 
other  words,  the  size  of  the  pillars  we  have  recommended  is  twice  as 
large  as  the  tests  indicate  might  be  necessary.  These  tests  are  subject 
to  check  by  further  tests  and  other  data  that  may  be  procured  later, 
either  through  the  working  out  in  practice  of  the  recommendations 
herein  made,  or  otherwise,  but  which  have  not  been  and  are  not  now 
available  to  us. 

The  size  of  artificial  pillars  should  be  determined  by  the  local 
conditions  found  at  the  exact  spot  chosen  upon  inspection  by  the 
engineer  in  charge  of  the  work.  Subject  to  the  above  observations, 
the  horizontal  areas  of  artificial  piers  of  flushed  material  confined 
in  mine  rooms  are  indicated  in  detail  by  the  table  following. 
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Table  5. — Horizontal  area,  in  square  yards,  of  artificial  mine  pillars  of  confined  flushed 
culm  or  flushed  sand  required  under  various  permissible  compressions  to  sustain  one-third 
of  the,  overburden  of  one  city  block  of  five  acres,  at  various  depths. 


Ultimate 
uniform 
compres- 
sion 
permitted. 

Depths. 

25  feet. 

50  feet. 

100  feet. 

Culm. 

Sand. 

Culm. 

Sand. 

Culm. 

Sand. 

Per  cent. 
3 

a 
10 

3 
5 
10 

3.424 

2,122 

848 

800 
452 
176 

6,848 
4,244 
1. 696 

1,600 
904 
352 

13,696 
8,488 
3,392 

5,200 

1,808 

704 

200  feet. 

400  feet. 

800  feet. 

(a) 
16,976 
6,784 

6,400 
3,016 
1,408 

(°) 

f» 

13,568 

12,800 
7,232 
2,816 

(a) 
(a) 
(a) 

14,464 
5,632 

a  Openings  filled. 

Notes. — 1.  Up  to  3  per  cent  compression,  piers  of  sand  and  gravel  concrete  might  be  only  one-half  the 
size  of  sand  piers,  but  for  weights  that  would  produce  greater  compression  they  are  worthless. 

2.  One  city  block  of  5  acres  covers  24,200  square  yards. 

3.  In  fixing  upon  the  amount  of  compression  that  might  be  permitted,  consideration  should  be  given 
to  the  fact  that  where  several  beds  are  to  be  filled,  the  total  settlement  will  be  several  times  as  great  as  for 
one  bed  of  the  average  thickness. 

4.  It  will  be  noted  that  complete  filling  with  culm  is  necessary  for  the  compression  mentioned  at  depths 
of  200  to  about  500  feet,  whereas  for  greater  depths  the  compression  due  to  the  greater  weight  would  be 
excessive.  Sand,  on  account  of  its  greater  strength,  is  suitable  for  filling  all  beds  at  all  depths  under  the 
city  of  Scranton,  and  is  therefore  to  he  preferred. 

The  location  of  bore  holes  or  shafts  through  which  to  flush  the 
material  must  be  determined  by  the  engineers  in  charge  of  the  work. 
Several  of  the  blocks  can  be  reached  from  the  foot  of  each  bore  hole 
or  shaft. 

In  many  of  the  beds  on  the  west  side  large  areas  of  the  mines  are 
inaccessible,  and  conditions  are  of  such  a  character  that  we  are 
thereby  limited  to  the  most  general  specifications.  We  would  sug- 
gest first,  that  the  school  properties  be  taken  as  starting  points,  and 
under  each  of  them,  namely,  Nos.  13,  43,  12,  29,  32,  32  annex,  14, 
31,  16,  17,  18,  19,  41,  21,  40,  24,  22,  23,  25,  26,  and  44,  artificial  piers 
of  flushed  material  be  installed  wherever  possible,  these  piers  to 
extend  well  beyond  the  lot  lines  (at  least  50  feet  outside)  in  all  the 
beds  that  have  been  worked,  beginning  with  the  lowest  bed;  and 
that  when  a  pillar  is  built  in  that  bed,  the  overlying  beds  be  filled 
in  order. 

Early  attention  to  schools  Nos.  12,  23,  and  29  is  especially  impor- 
tant. In  locating  the  supporting  pillars  advantage  should  be  taken 
of  the  large  areas  that  are  caved  and  closed  in  the  Clark,  New  County, 
Big,  Rock,  and  Diamond  beds,  and  of  other  parts  that  are  already 
flushed.  The  best  results  will  be  obtained,  of  course,  by  flushing 
the  lowest  beds  first  and  proceeding  upwards,  care  being  taken  to 
locate  the  new  pillar  in  the  upper  seam  over  that  already  in  place 
in  the  seam  below. 
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COST    OF    SIGGESTED    PROTECTIVE    MEASURES. 

Hie  absence  of  accurate  and  conclusive  data,  and  the  many 
uncertain  factors  entering  into  this  general  statement  make  any 
submitted  figures  approximate  only.  Assuming  that  all  the  sources 
of  flushing  material  hereinafter  mentioned  in  the  order  of  their  im- 
portance and  value — first,  sand  and  loam  brought  from  a  distance 
in  returning  empty  coal  cars;  second,  culm  from  breakers  and 
washeries;  third,  crushed  mine  rock,  gob,  etc.;  fourth,  culm  and 
silt  from  Lackawanna  River  and  Roaring  Brook;  fifth,  crushed  rock 
from  three  or  four  plants  (which  might  be  established  by  the  pro- 
tective commission) — are  utilized  in  regular  and  systematic  order, 
and  that  the  methods  of  procuring  water  for  flushing,  etc.,  as  sug- 
gested, are  put  in  effect,  we  would  in  that  case  estimate  the  cost  of 
the  measures  suggested  about  as  follows: 

The  necessary  plants  and  machinery  for  expeditiously  excavating 
and  loading  the  sand  and  filling  material  at  distant  points,  and  the 
plants  in  the  city  for  unloading  and  transferring  the  material  to  the 
traction  company  cars  for  delivery  at  night  to  the  various  flushing 
points;  the  building  of  the  dam  and  pumping  stations  on  the  Lacka- 
wanna River  and  the  necessary  storage  dams  at  various  points  on  the 
river  above  the  city,  for  catching  surplus  sediment  during  seasons 
of  liigh  water;  the  dam  in  Roaring  Brook,  above  the  city  level;  the 
necessary  means  to  conduct  the  water  to  the  more  elevated  parts  of 
the  east  and  south  sides;  and  a  portable  crushing  plant  to  be  located 
at  the  flushing  points  to  crush  the  larger  particles  of  sand,  coal  ashes, 
and  city  refuse  that  may  be  delivered  and  mixed  with  the  flushing, 
would  cost  approximately  $500,000. 

The  necessary  facilities  outlined  above  for  the  expeditious  and 
economic  handling  of  material  and  prosecution  of  the  work  having 
been  provided,  it  is  our  opinion  that  artificial  piers  may  be  estab- 
lished in  various  beds  at  about  the  cost  shown  in  the  following  table, 
using  the  factor  of  safety  (2)  mentioned  above. 
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Table  6. — Approximate  cost  per  foot  of  coal-bed  thickness  of  artificial  mine  pillar  of  con- 
fined flushed  culm  or  flushed  sand  required  under  various  permissible  compressions  to 
sustain  one-third  of  the  overburden  of  one  city  block  of  five  acres,  at  various  depths. 


Ultimate 
uniform 
compres- 
sion 
permitted. 

Cost. 

Depth, 

25  feet. 

Depth,  50  feet. 

Depth,  100  feet. 

Culm. 

Sand. 

Culm. 

Sand. 

Culm. 

Sand. 

]',  r  a  ill. 
3 

li) 

3 

5 
10 

$280 
176 
70 

$266 
150 
60 

$572 
■     352 

140 

$532 
300 
120 

$1,144 
704 
280 

$1,064 
600 
240 

Depth, 

200  feet. 

Depth,  400  feet. 

Depth,  800  feet. 

a $2, 016 

1,408 

560 

$2,128 

1,200 

480 

w 

(a) 

$1,120 

$4,250 

2,400 

960 

(a) 
(») 

(°) 

a$S,070 
4,300 
1,920 

a  Filled. 


The  approximate  cost  per  foot  of  bed  thickness  for  each  acre  of 
complete  flushing  under  schools  and  elsewhere,  to  take  the  place  of 
pillars,  if  removed,  would  be: 

For  culm  below  level  of  river $405 

For  sand  above  or  below  river 1 ,  615 

If,  in  the  case  of  the  coal  beds  150  feet  or  more  deep,  the  board  of 
control  concludes  to  be  satisfied  to  relieve  the  present  pillars  under 
the  schools  of  about  one-third  of  the  burden  they  now  sustain,  the 
approximate  cost  of  so  doing,  per  foot  of  bed  thickness  for  each  acre 
thus  protected,  will  be  about  one-fifth  of  the  cost  shown  in  Table 
6,  for  the  same  depth,  material,  and  settlement.  For  example,  to 
relieve  the  present  pillars  of  the  Clark  bed,  which  is  about  200 
feet  deep  under  the  central  city  and  hill  sections,  of  one-third  of  the 
weight  they  now  sustain,  allowing  5  per  cent  as  ultimate  permissible 
settlement  for  the  coal-bed  roof,  would  cost  per  foot-acre  of  coal 
bed,  about  $280  for  culm  flushing,  if  the  piers  are  below  the  river 
level;  or  $240  for  sand  flushing,  whether  above  or  below  the  river; 
and  since  this  coal  bed  is  about  7  feet  thick,  the  total  cost  of  such 
piers  would  be  about  $1,960  and  $1,680  per  acre,  respectively. 

The  above  table  is  estimated  on  the  supposition  that  the  pillars  of 
flushed  culm  would  be  installed  only  at  points  that  are  in  coal  beds 
below  the  level  of  the  river  (so  the  necessity  of  pumping  culm  to 
an  elevation  above  the  river  would  be  avoided)  and  that  piers  of 
flushed  sand  would  be  installed  in  coal  beds  at  locations  that  are 
above  the  level  of  the  river,  or  at  any  location  where  such  sand  pillars 
would  be  convenient  and  not  more  costly  than  culm  pillars. 

It  will  be  noted  that  there  is  no  large  difference  in  cost  between 
culm  or  sand.     This,  of  course,  is  on  account  of  the  greater  efficiency 
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of  the  sand,  a  less  quantity  of  which  is  required  to  give  the  same 
supporting  power. 

It  will  be  apparent  that  much  of  this  work  can  be  done  by  the 
systems  of  flushing  already  in  service  at  the  several  mining  plants, 
and  that  in  order  to  accomplish  tho  best  results  in  the  most  eco- 
nomical maimer,  the  plans  of  the  city  mine-cave  protective  commis- 
sion must  be  made  in  harmony  with  the  already  established  systems 
of  the  mining  companies;  It  is  manifest  that  all  underground  work 
should  be  done  in  cooperation  with  the  coal  companies  and  that  the 
water  flushed  into  the  mines  must  be  pumped  by  the  plants  already 
installed,  with  such  additional  equipment  as  may  be  found  necessary. 

Therefore,  this  matter  of  harmonious  plans  and  procedure  between 
the  coal  companies,  the  city,  the  school  authorities,  and  the  public 
is  essential  to  the  successful  carrying  out  of  any  relief  measures  that 
are  herein  or  may  be  hereafter  suggested.  It  is  a  fact  that  should  be 
evident  to  all  that  the  prosperity  of  the  city  and  the  community  is 
to  a  large  extent  dependent  upon  the  coal  companies,  so  that 
drastic  laws  or  regulations  that  may  curtail  the  mining  of  coal  will 
necessarily  react  on  the  prosperity  of  the  community,  whereas  any 
ameliorating  plans  or  compromises  which  it  may  be  possible  to  effect 
between  the  city  and  the  mining  companies  tend  to  prolong  the  life 
of  the  mining  industry  in  Scranton  and  vicinity,  and  should  be  pro- 
moted. 

It  should,  therefore,  be  the  aim  of  all  persons  interested  in  mine- 
cave  protective  measures  and  of  the  companies  operating  the  mines 
to  adopt  plans  that  will  best  conserve  the  welfare  of  all  concerned. 

The  expenditure  for  the  work  would,  of  course,  be  distributed  over 
many  years,  the  relief  measures  being  applied  at  the  points  most  in 
need  of  protection  and  as  rapidly  as  proper  arrangements  could  be 
effected  and  the  necessary  details,  surveys,  etc.,  prepared. 

For  the  business-like  carrying  out  of  the  plans  suggested,  it  is 
recommended  that  a  protective  commission  be  established,  consisting 
of  not  less  than  three  nor  more  than  five  men  representing  the  city 
authorities,  the  school  board,  and  the  coal  companies;  tins  commis- 
sion to  have  full  and  complete  authority  for  the  execution  of  the 
plans,  after  approval  by  the  proper  legal  action.  The  commission 
should  employ  an  engineer  as  active  manager  of  the  work,  who 
should  devote  all  his  time  to  the  service. 

GENERAL  CONCLUSIONS. 

In  concluding  this  somewhat  length}'  report,  we  are  of  the  following 
opinion: 

First.  Speaking  broadly, the  surface  of  the  city  can  be  supported 
by  the  methods  recommended,   and  at   a   cost   not   in    any  sense 

prohibitory  when  considered  with  relation  to  the  value  of  the  prop- 
erty and  the  activities  for  which  support  is  absolutely  essential. 
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Second.  Although  there  are  points  in  the  city,  as  indicated  in  the 
detailed  report,  where  at  the  present  time  in  our  judgment  there  is 
distiuct  and  immediate  danger  to  life  and  property,  yet  the  total 
area  immediately  threatened  constitutes  but  about  1  o  per  cent  of  the 
entire  area  of  the  city,  and  the  danger  is  mainly  from  workings  in 
surface  beds. 

Third.  On  the  west  side  the  beds  of  the  middle  series  are  thick 
and  close  together  and  the  pillars  are  not  columnized,  creating  a 
dangerous  situation  where  the  workings  have  not  been  closed  by 
previous  caves.  Particular  areas  thus  threatened  can  not  be  defi- 
nitely specified  on  account  of  the  inaccessibility  of  much  of  themined- 
over  area.  Detailed  investigation  should  be  made  of  the  portions 
of  the  imnes  not  already  closed.  Relatively,  we  do  not  believe  that 
a  large  part  of  the  territory  mentioned  is  threatened  because  so 
much  ground  has  been  already  closed  by  caves. 

Special  attention  is  called  to  the  conditions  under  schools  Xos.  13, 
23,  and  29.     They  should  be  attended  to  promptly. 

The  beds  of  the  lower  series,  namely,  the  three  Dunmores,  are  so 
thin  and  so  far  below  the  surface  that  with  the  usual  system  of  min- 
ing we  do  not  think  they  constitute  a  serious  menace  to  the  improve- 
ments on  the  surface,  except  along  the  margin  of  solid  blocks  of 
unmined  coal  and  near  the  outcrops.  In  the  deep-lying  parts  of  the 
Dunmore  beds  we  believe  these  solid  blocks  should  be  mined. 

Fourth.  It  would  seem,  therefore,  to  be  not  only  the  part  of  wis- 
dom, but  absolutely  obligatory  to  commence  at  once  to  give  support 
to  the  points  menaced,  and  thereupon  proceed  upon  a  general  policy 
of  giving  support  to  the  entire  area  of  the  city;  for  it  must  be  borne 
in  mind  that  with  the  mining  activities  that  are  constantly  going  on 
other  and  additional  points  of  danger  are  not  only  liable  to,  but  in 
all  probability  will,  develop  with  each  passing  year — it  might  almost 
be  said  with  each  passing  month. 

Fifth.  Where  the  owner  of  the  surface  has  undoubted  right  to  the 
support  thereof  by  coal  pillars,  in  our  opinion  he  could  permit  the 
removal  of  such  pillars;  the  value  of  these  would  under  average  con- 
ditions pay  for  such  artificial  support  as  we  have  recommended, 
assuming  that  the  pillars  were  mined  and  the  support  constructed 
by  the  same  operating  company.  Tins  observation,  however,  is 
based  upon  the  assumption  that  in  such  case  the  operating  com- 
pany would  be  one  of  the  large  transportation  companies,  inasmuch 
as  while  there  might  not  be  a  profit  in  the  immediate  transaction  of 
mining  the  pillars  and  installing  the  support  there  would,  of  course, 
be  a  profit  to  such  companies  in  carrying  the  coal  to  market. 

Sixth.  Culm  flushing  should  be  used  only  in  coal  beds  having  light 
cover,  up  to  200  to  500  feet,  according  to  the  amount  of  settlement 
expected.  But  sand,  being  four  or  five  times  as  strong  as  culm,  is 
better,  is  suitable  for  all  beds  under  Scranton  and  should  be  preferred. 
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Seventh.  Wo  believe  that  the  conclusions  adduced  from  the  tests 
made,  and  the  calculations  and  tabulations  based  thereon,  arc  rea- 
sonably reliable;  yet  we  desire  to  record  the  opinion  that  there  are 
conditions  existing  in  the  mines  to  which  they  might  not  apply — for 
instance,  in  localities  where  several  seams  of  coal  are  separated  by  a 
thin  layer,  or  layers,  of  shale  and  slate,  or  even  sandstone,  and  the 
pillars  in  the  several  seams  are  not  over  one  another,  and  it  is  proposed 
reclaiming  all  or  any  part  of  the  pillars.  , 

Even  though  an  application  of  the  above  tables  might  appear  to 
lit  the  conditions,  we  believe  that  the  only  permissible  procedure 
would  be  to  first  fill  with  flushed  material  all  of  the  openings  in  the 
lowest  bed  of  the  series  and  then  fill  upward  until  all  the  beds  are 
filled,  care  being  taken  to  have  the  flushed  areas  over  one  another. 
After  all  of  the  openings  in  all  of  the  seams  have  been  filled,  the  pillars 
in  the  uppermost  seam  may  then  be  attacked;  as  each  pillar  is 
removed,  the  space  should  be  at  once  filled.  No  pillar  reclamation 
should  be  permitted  in  any  of  the  other  beds  until  all  of  the  pillars 
in  the  upper  bed  have  been  removed  and  the  overburden  has  come 
to  rest  on  the  flushed  material;  then  the  pillars  in  the  next  lower 
seam  may  be  attacked  and  handled  in  like  manner. 


NOTES  ON  SAND  FOR  MINE  FLUSHING  IN  THE  SCRAN- 
TON  REGION. 

By  X.  II.  Dartox. 

INTRODUCTORY  STATEMENT. 

This  report  presents  the  results  of  field  studies  in  the  vicinity  of 
the  city  of  Scranton,  Pa.,  to  find  some  convenient  sources  of  sand  to 
be  used  for  filling  chambers  in  coal  mines  under  the  city.  Attention 
was  given  only  to  material  that  lies  at  higher  altitudes  than  the  work- 
ings and  might  be  hauled  down  grade  or  transported  by  water  to  the 
mines.  Moreover,  it  was  recognized  that  inasmuch  as  the  final  means  of 
transportation  underground  would  be  flushing  with  water  the  material 
would  have  to  be  in  granular  condition.  The  sources  of  supply  are 
glacial  till  of  various  kinds  and  the  rocks  of  the  coal  measures  or 
underlying  formations.  The  latter  would  have  to  be  quarried  and 
crushed;  the  pebbles  and  bowlders  of  the  till  could  be  crushed  or 
discarded. 

ROCK  FOR  CRUSHING. 

The  entire  anthracite  region  is  underlain  by  rocks  that  contain  a 
large  proportion  of  sandstone  suitable  for  crushing,  and  can  yield 
an  angular  sand  of  great  strength.  It  is  estimated  that  sandstone 
of  moderate  hardness  can  be  crushed  into  coarse  sand  for  $0.50  to 
SO. 60  a  ton,  including  quarrying.  This  estimate  is  based  on  a  cost 
of  SI. 60  per  ton  for  coal  for  power. 

One  of  the  most  conspicuous  rocks  in  the  Scranton  region  is  the 
Pottsville  conglomerate.  It  immediately  underlies  the  coal  meas- 
ures and  outcrops  in  belts  of  varying  width  in  the  mountain  slopes 
on  both  sides  of  the  coal  field.  The  greater  part  of  tins  rock  is  too 
hard  to  be  cheaply  crushed  into  sand.  It  is  underlain  by  greenish 
and  gray  sandstones,  mostly  soft,  and  in  places  by  red  shale.  These 
sandstones  and  the  shale  can  be  more  easily  crushed.  The  most 
extensive  ledges  of  sandstone  convenient  to  railroad  haulage  are  in  the 
gorges  of  Roaring  Brook  east  of  Scranton,  and  of  Leggetts  Creek, 
northwest  of  the  city.  Along  the  gorge  of  Roaring  Brook  from 
Moscow  to  Dunmore  there  are  continuous  high  ledges,  many  of  which 
rise  500  to  700  feet  above  the  creek.  This  gorge  is  followed  by  the 
Erie  and  the  Lackawanna  railroads  with  a  heavy  down  grade  into 
Scranton.  There  are  many  localities  favorable  for  the  establishment 
of  quarries  and  crushers,  and  the  possible  tonnage  of  product  is  prac- 
tically unlimited.  It  is  certainly  sufficient  to  fill  all  coal  workings 
72 
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under  the  city  of  Scranton.  One  crushing  plant  is  already  in  opera- 
tion by  the  Nay  Aug  Stone  Co.,  just  below  Nay  Aug  station.  How- 
ever, a  large  amount  of  stone  is  available  farther  down  the  gorge 
and  therefore  considerably  nearer  Scranton.  Crushed  rock  from  a 
quarry  in  this  gorge  could  be  loaded  directly  on  empty  coal  cars  and 
hauled  down  grade  into  Scranton. 

The  sandstones  underlying  the  Pottsville  conglomerate  in  the  gorge 
of  Leggetts  linn  present  a  thickness  of  about  800  feet,  rising  in  high 
walls  along  the  gorge  2  miles  northwest  of  Providence.  There  is  here 
available  a  very  large  amount  of  sandstone  of  moderate  hardness, 
admirably  located  and  physically  well  suited  for  sand  for  filling. 
The  product  could  be  hauled  down  grade  on  the  Lackawanna  Rail- 
mad  or  on  the  trolley  line  winch  follows  the  bottom  of  the  gorge. 

The  hydraulic  transportation  of  the  fine  crushed  stone  to  the  mine 
was  not  especially  considered,  but  both  on  Roaring  Brook  and  on 
Leggetts  Creek  the  waters  are  so  impounded  that  perhaps  they  are 
not  continuously  available  for  hydraulic  work.  The  sandstones  under 
the  Pottsville  conglomerate  are  exposed  also  in  the  valley  of  Meadow 
Brook  in  the  southern  part  of  Scranton,  where  they  are  utilized  by 
the  crusher  now  in  operation.  This  crusher  belongs  to  the  Meadow 
Brook  Co.  and  has  a  capacity  of  about  300  tons  a  day.  Crushed 
stone  from  the  exposures  in  tins  vicinity  would  be  handled  by  the 
Laurel  line  and  the  Erie  Railroad;  possibly,  also,  it  could  be  flushed 
down  the  bed  of  Meadow  Brook,  but  the  conditions  are  much  less 
favorable  for  such  tranportation  than  on  Roaring  Brook  or  Leggetts 
Creek. 

There  are  extensive  ledges  of  the  sandstones  of  the  coal  measures 
in  the  high  ridge  extending  west  from  Lackawanna  River,  just  east 
of  Holden,  where  a  moderately  large  amount  of  gray  sandstone 
is  available.  Another  ledge  appears  on  the  north  bank  of  Leggetts 
Cieek,  near  its  mouth.  This  ledge  has  been  quarried  extensively, 
but  the  quarry  could  be  extended  over  1  or  2  acres  to  the  north.  To 
the  northwest  it  passes  under  the  huge  pile  of  culm  from  Leggetts 
Creek  colliery.  Sandstone  ledges  outcrop  prominently  in  the  high 
ridge  on  the  east  bank  of  Lackawanna  River,  a  half  mile  east  of 
Dickson,  and  a  crusher  could  be  established  at  this  place  with  fair 
advantage,  as  the  ledges  are  directly  over  extensive  coal  workings. 

GLACIAL  TILL. 

The  till  left  by  the  great  continental  glacier  extends  across  northern 
Pennsylvania,  and  forms  a  mantle  of  irregular  thickness  and  vary- 
ing composition.  In  the  Scranton  region  it  covers  much  of  the 
surface  to  a  considerable  depth,  excepting  the  mountain  slopes 
and  summits,  where  it  is  thin  or  absent.  The  underlying  coal- 
measure  rocks  also  appear  in  places  along  the  lower  slopes  of  the 
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Lackawanna  Valley,  and  near  the  river  there  are  terraces  of  later 
alluvium.  Where  the  till  is  thick  it  rises  in  hummocky  ridges  that 
are  generally  thickly  strewn  with  bowlders.  Scranton  is  built  mostly 
on  slopes  of  till,  terraces  of  rearranged  till  material,  and  later  beds  of 
sand  deposited  by  Lackawanna  River. 

The  glacial  till  consists  of  a  mixture  of  sand,  clay,  loam,  gravel, 
and  bowlders  in  varying  proportion.  In  the  Scranton  region  the 
till  contains  little  clay  and  a  predominance  of  sand,  but  I  saw  no 
extensive  deposits  of  pure  sand.  Gravel  and  bowlders  exist  in  all 
the  exposures  and  their  proportion  is  seldom  less  than  50  per  cent. 
Some  streaks  of  pure  or  pebbly  sand  occur,  but  they  are  local  and 
would  not  yield  a  large  supply.  If  the  sandy  till  were  subjected  to 
washing  by  hydraulic  jets  and  sluiceways  the  sand  would  all  be 
separated  from  the  bowlders.  This  till,  in  my  opinion,  is  the  best 
source  of  sand  in  the  region;  it  can  be  removed  at  many  places 
where  the  cultural  and  hydraulic  conditions  are  favorable.  One  of 
the  most  desirable  sources  of  supply  would  be  from  street  grading, 
since  the  result  would  be  both  a  large  volume  of  sand  and  a  city 
improvement.  The  bowlders  remaining  after  the  sand  had  been 
carried  off  could  be  crushed  into  sand  and  washed  into  the  sluice- 
ways. 

In  the  northern  part  of  Providence  there  are  several  prominent 
hills  or  knolls  of  sandy  till  which  could  be  leveled  to  advantage. 
They  lie  between  Bloom  and  Keyser  Avenues,  west  of  West  Market 
Street;  another  knoll  lies  just  east  of  West  Market  Street,  north  of 
Clark  Avenue.  These  knolls  rise  from  50  to  60  feet  above  the  average 
grade  of  the  streets  and  would  furnish  nearly  a  half  million  tons  of  mate- 
rial. The  material  contains  about  50  per  cent  of  sand;  the  remainder 
is  gravel  that  would  have  to  be  crushed  in  order  to  be  utilized  for 
flushing.  Two  very  much  larger  masses  of  till  lie  on  the  mountain 
slope  a  short  distance  north  and  west  of  this  area  and  another 
extends  up  the  ridge  on  the  north  side  of  Leggetts  Creek.  Each  of 
these  three  areas  contains  about  a  million  tons  of  sandy  till.  Similar 
masses  of  till  lie  on  the  lower  slopes  of  the  mountain  west  of  Keyser 
Creek,  the  largest  one  extending  to  within  a  few  hundred  yards  of  the 
Hyde  Park  colliery.  There  is  a  rock  core  to  this  largest  mass,  but 
the  till  is  not  less  than  50  feet  thick,  and  the  indicated  total  tonnage 
for  this  one  area  is  about  15,000,000  tons.  The  deposit  is  mostly 
sandy  till  with  only  a  small  proportion  of  clay ;  it  averages  nearly  50 
per  cent  sand.  The  remaining  material  is  coarse  bowlders,  mostly 
of  hard  rocks,  which  might  either  be  crushed  into  sand  or  left  on  the 
ground  after  the  sand  is  washed  out.  There  is  in  this  vicinity  only 
a  meager  supply  of  water  for  hydraulicking. 

An  extensive  area  of  sandy  till  is  just  east  of  the  Holden  colliery. 
It  underlies  land  tuat  for  the  greater  part  is  not  covered  by  buildings, 
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and  has  an  estimated  tonnage  of  about  5,000,000  ions.  The  material 
contains  about  50  per  cent  of  sand,  with  gravel,  bowlders  of  hard 

rock,  and  very  little  clay. 

One  '>f  the  most  desirable  bodies  of  sandy  till  is  on  the  estate  of 
William  Miles,  just  west  of  Olyphant.  The  land  is  not  built  on  and  is 
adjacent  to  various  lines  of  railroads.  A  moderate  amount  of  water  is 
available  for  sluicing  in  a  near-by  creek,  and  water  possibly  can  be  had 
from  the  river  also.  The  till  area  measures  about  2,000  by  1 ,500  feet, 
and  the  thickness  of  material  available  is  about  30  feet.  These 
measurements  indicate  an  aggregate  of  nearly  5, 000,000  tons.  The 
proportion  of  sand  is  variable,  but  in  places  it  exceeds  60  per  cent. 
Jt  i>  being  dug  to  a  small  extent  for  sand  for  local  building  purposes. 
There  is  not  sufficient  clay  in  any  part  of  the  area  to  be  disadvan- 
tageous, and  the  gravel  and  bowlders  could  be  crushed,  if  desired. 

ALLUVIUM. 

Along  the  Lackawanna  River  extend  low  alluvial  terraces,  which 
are  underlain  by  sand  that  in  greater  part  contains  only  a  Bmall 
proportion  of  coarse  material.     Unfortunately,  however,  the  sand 

area  near  Scranton  is  covered  with  houses  or  is  held  for  its  value  as 
building  lots,  so  that  the  sand  is  not  available  except  at  a  few  points. 
As  the  terraces  are  very  low,  the  tonnage  of  sand  that  could  be  ob- 
tained is  not  great.  It  is  possible  that  the  water  of  the  river  could 
be  used  for  sluicing  this  material,  but  because  of  the  great  variation 
in  the  amount  of  water  available  during  the  different  seasons  of  the 
year,  the  conditions  are  not  altogether  favorable.  The  location  of  the 
railroads  along  the  river  complicates  the  problem  of  removing  the 
sand.  Doubtless  this  source  of  material  would  not  be  as  advan- 
tageous as  the  sandy  till  or  crushed  rock. 

RIVER  SAND. 

The  most  extensive  deposit  of  sand  in  the  northern  anthracite 
coal  basin  is  under  the  deep  valley  of  the  Susquehanna  River  from 
Pittston  to  Xanticoke.  Its  width  averages  2  miles  for  a  long  distance 
and  its  thickness  varies  from  100  to  200  feet  in  greater  part.  There 
arc  many  places  where  this  material  could  be  lifted  from  the  river 
channel  by  dredges  and  loaded  on  empty  coal  cars.  In  the  river 
and  harbor  work  of  the  United  vStates. Engineers  oflice  and  in  Panama 
Canal  excavations  sand  is  dredged  from  depths  of  20  to  40  feet  and 
carried  in  pipes  1,000  to  2,000  feet  at  a  cost  of  3  to  5  cents  a  cubic 
yard.  The  cost  of  handling  sand  from  the  Susquehanna  River  is  a 
matter  for  local  engineers  to  determine.  The  sediment  brought  down 
by  the  river,  especially  in  time  of  flood,  would  rapidly  refill  excavations 
made  by  dredging. 


APPENDIX. 
COMPRESSIVE   STRENGTH   OF  ANTHRACITE  COAT,.' 

Owing  i"  ilif  general  lack  of  knowledge  among  the  engineers  of  the  anthracite  coal 
field  as  to  the  compressive  strength  of  anthracite  coal,  and  in  view  of  the  very  import- 
ant mailers  relating  to  the  economy  of  mining  of  anthracite,  which  depend  directly 
upon  this  subject,  theScranton  Engineers'  Club,  in  July,  1900,  appointed  a  committee 
to  make  a  general  investigation  "I"  the  compressive  strength  of  anthracite  coal,  hav- 
ing reference  particularly  to  the  northern  anthracite  field.  This  table  contains  the 
results  of  the  efforts  of  that  committee,  in  a  condensed  form.  The  committee  sent 
circular  letters  to  the  various  anthracite  operators  in  the  northern  field,  requesting 
them  to  contribute  to  the  efforts  of  the  committee  by  sending  samples  in  triplicate 
to  be  tested.     These  samples  were  requested  in  three  sizes,  viz.: 

Two  inches  square  on  the  base  by  1  inch  high,  indicated  in  the  (able  as  "1." 

Two  inches  square  on  the  base  by  2  inches  high,  indicated  in  the  table  as  "2." 

Two  inches  square  on  the  base  by  4  inches  high,  indicated  in  the  table  as  "4." 

These  samples  were  requested  to  be  prepared  in  each  case  with  the  base  parallel 
to  the  bedding  plane  of  the  coal  seam,  and  the  height  at  right  angles  thereto. 

Generous  responses  to  this  circular  letter  were  received  in  the  form  of  some  425 
samples  for  testing,  a  few  of  which  were  defective  and  not  tested.  These  samples 
were  then  divided  and  sent  to  the  follow  Lug  colleges  for  testing,  the  professors  named 
very  kindly  offering  to  assist  the  committee  by  making  the  tests: 

To  Prof.  R.  C.  Carpenter,  of  the  department  of  experimental  engineering,  Sibley 
College,  Cornell  University,  Ithaca,  X.  Y.,  133  samples. 

To  Prof.  Mansfield  Merriinan,  professor  of  civil  engineering,  Lehigh  University, 
South  Bethlehem,  Pa.,  177  samples. 

To  Prof.  Louis  E.  Reber,  dean  of  the  school  of  engineering,  Pennsylvania  State 
College,  State  College,  Pa.,  113  samples. 

After  these  samples  were  tested  and  the  results  returned  to  the  committee,  they 
were  tabulated  in  a  detailed  way,  forming  an  immense  table,  of  which  this  accom- 
panying table  is  a  condensation.  The  following  description  of  it  is  given,  that  the 
reader  may  the  better  understand  it : 

1.  The  collieries  from  which  the  tests  were  taken  arc  arranged  in  the  column  on 
the  left,  in  order,  according  to  the  location  of  the  collieries,  beginning  at  the  northerly 
end  of  the  region  near  Eorest  City  and  ending  with  the  southernmost  collieries  from 
which  tests  were  received,  at  Williamstown  and  Lykens,  in  the  southern  coal  field. 

2.  The  coal  beds  are  arranged  at  the  top  of  the  table  in  the  order  of  their  occurrence 
in  the  measures,  the  highest  beds  being  at  the. left,  and  the  lowest  beds  at  the  right. 
Where  local  names  for  the  beds  differ  from  the  general  names,  their  local  names  are 
inserted  in  the  body  of  the  table. 

3.  The  tests  are  arranged  in  vertical  double  columns  under  the  several  coal  seams, 
and  each  test  is  placed  in  the  column  under  its  respective  coal  bed  and  in  the  hori- 
zontal line  opposite  the  colliery  from  which  it  was  taken. 

4.  Results  given  in  this  table  are  in  pounds  avoirdupois  per  square  inch  of  hori- 
zontal area. 

a  Printed  by  permission. 
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5.  The  items  given  in  the  columns  under  the  coal  double-bed  headings  are  the 
"First  crack,"  indicating  the  pressure  in  pounds  per  square  inch  required  to  produce 
the  first  crack  in  the  sample.  In  other  words  it  is  the  pressure  which  would  cause 
the  coal  of  the  same  quality  as  the  sample  to  begin  squeezing.  The  items  under 
"Maximum  load"  in  each  case  indicate  the  pressure  in  pounds  per  square  inch  at 
at  which  the  sample  crushed.  The  items  under  the  head  of  "No.  of  tests"  indicate 
the  number  of  tests  taken  from  the  respective  beds  in  the  several  collieries,  the  aver- 
age of  these  tests  being  represented  by  the  figures  in  the  table. 

6.  The  horizontal  line  headed  "General  average"  contains  the  average  of  all  the 
tests  under  the  respective  coal  beds  as  indicated. 

The  next  horizontal  line  under  "General  average"  indicates  the  percentage  of 
the  maximum  load  which  is  represented  by  the  pressure  necessary  to  produce  the  first 
crack,  or  the  squeezing  pressure.  And  the  second  horizontal  line  under  the  general 
average  shows  the  percentage  which  tests  2  and  4  bear  to  test  1  in  each  case. 

The  grand  average,  or  net  result,  is  contained  under  a  separate  heading,  and  indi- 
cates generally  the  average  squeezing  and  crushing  strength  as  shown  by  the  sam- 
ples tested.  The  tests  from  the  several  coal  fields  are  tabulated  separately,  and 
clearly  show  the  superior  strength  of  the  harder  coals  and  the  weakness  of  the  softer. 

7.  From  an  inspection  of  this  table,  the  following  results  appear  to  apply,  approxi- 
mately : 

That  the  squeezing  strength  of  a  mine  pillar  whose  width  is  twice  its  height  is  about 
3,000  pounds  to  the  square  inch,  and  the  crushing  strength  about  6,000  pounds  per 
square  inch,  or,  approximately,  twice  as  much.  And  in  general,  other  things  being 
equal,  the  crushing  strength  of  mine  pillars  would  vary  inversely  as  the  square  root 
of  the  thickness  of  the  bed. 

The  same  general  rule  apparently  holds  true,  also,  for  the  squeezing  strength  in  all 
cases  where  the  height  of  the  pillar  is  less  than  its  width.  In  tall  pillars  having  a 
height  greater  than  their  width,  the  squeezing  strength  apparently  remains  nearly 
constant,  while  the  crushing  strength  continues  to  diminish  with  height  according 
to  the  above  rule. 

Wm.  Griffith,  Chairman.     Harry  E.  Yewens, 
J.  H.  Fisher,  H.  H.  Stoek, 

Morgan  Davis,  Jr.  J.  T.  Beard, 

Coal-test  Committee,  Scranton  Engineers'  Club. 
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COMPRESSIVE    STRENGTH    OF    MATERIALS    FOR    ROOF 

SUPPORT. 

A  series  of  tests  of  various  kinds  of  materials  for  supporting  the 
roof  in  mine  workings  was  made  in  the  Fritz  Engineering  Labora- 
tory nt  Lehigh  University.  The  results  are  given  in  the  following 
report : 

South  Bethlehem,  Pa.,  January  26,  1911. 
Messrs.  William  (Jriffith  and  Eli  T.  Conner, 

Sera  nt  on,  J 'a. 
Gentlemen:  I  beg  leave  to  state  that  we  have  concluded  the  series  of  tests  on  the 
bearing  power  of  materials  used  in  sustaining  the  roofs  of  mines,  and  beg  leave  to 
report  as  follows. 

With  the  exception  of  a  small  quantity  of  sand,  all  of  the  materials  which  we  tested 
were  received  from  you,  there  being  one  carload  which  you  sent  us  from  the  anthra- 
cite coal-mining  district.    The  detailed  descriptions  of  the  various  tests  follow: 

TEST  NO.  1. 

This  test  consisted  of  crushing  a  pillar  made  of  mine  rock,  the  four  sides  of  which  were 
laid  vertically  and  then  tilled  with  Btone  of  various  sizes  packed  in  by  hand  so  as  to 
make  a  pillar  of  loose  Btones  without  mortar  of  any  kind.  This  pillar  was  5  feet  long, 
2  feet  4  inches  wide,  and  18  inches  high.  It  was  laid  directly  on  the  bedplate  of  the 
testing  machine  and  under  three  steel  beams  which  wore  later  used  in  applying  the 
load  over  the  entire  top  surface  of  the  pillar.  The  stone  used  was  slate,  bony  coal, 
and  fire  clay.  The  load  on  this  pillar  was  applied  in  increments  until  a  maximum 
pressure  of  4S9,150  pounds  was  reached.  The  following  table  shows  the  loading  at 
the  different  stages  of  the  tests,  together  with  the  deflections  caused  by  these  loads. 
You  will  notice  that  when  the  total  load  was  489,150  pounds  (approximately  12,000 
pound-  per  Bquare  foot1)  the  maximum  compression  amounted  to  5.15  inches. 

TEST  NO.  2. 
Loads  and  settlements  of  a  rectangular  pillar  of  mine  rock. 


Loads. 

Settle- 
ment;;. 

Loads. 

Settle- 
ments. 

r  o-A,          Settle- 
Loach,.         mentB 

Pounds. 
4.950 
18,550 

:cs,7.r><J 
4ii.:(.:Ki 
ti3.0l!5 

Inches. 

Pounds. 
7s.  625 
104,050 
130,350 

Inches. 
>.  21 
2.74 
3. 15 

3.75 

Pounds.        Inches. 
■2(A)  AM            3.95 
326,450           4.32 
396,940            4.83 

489,150     !         r,.Ji\ 

0.52 

.97 

1.40 

LSI 

This  test  consisted  in  crushing  a  timber  crib  made  of  four  layers  of  round  timbers 
which  were  about  5  inches  in  diameter  and  were  laid  log-house  fashion.  Each  of 
two  of  the  layers  consisted  of  two  of  those  round  timbers  5  feet  4  inches  in  length 
and  each  of  the  other  two  layers  consisted  of  three  round  timbers  2  feet  8  inches  in 
length.  The  spaces  between  these  timbers  were  filled  with  slate,  bony  coal,  and  fire 
clay,  and  the  crib  was  then  filled  with  small  stones  shoveled  in;  the  whole  resulting 
in  a  timber  crib  5  feet  4  inches  in  length,  2  feet  8  inches  wide,  and  23i  inches  high. 
The  1<  ad  was  applied  in  increments  as  shown  by  the  following  table.  The  maximum 
load  reached  !*00,000  pounds  and  the  maximum  settlement  was  7.1  inches. 
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Loads  and  settlements  of  a  timber  crib  filed  with  mine  rock. 


TEST  NO.  3. 

This  test  consisted  of  crushing  a  circular  pillar  28  inches  in  diameter  and  14£  inches 
high,  made  of  slate  arranged  so  that  the  outer  surface  was  fairly  smooth,  the  spaces 
between  the  stones  and  the  interior  of  the  pillar  being  filled  with  small  stones.  The 
load  was  applied  in  increments  as  shown  in  the  following  table,  the  maximum  load 
being  361,000  pounds,  with  a  corresponding  settlement  of  4^  inches. 

Loads  and  settlements  of  a  circular  pillar  of  mine  rock. 


Loads 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Pounds. 
4.000 
20,000 
37,000 
51,000 
60,200 

Inches. 

Pounds. 
71,200  • 
98,000 
127,000 
150.000 
183,000 

Inches. 
1.29 
1.48 
1.72 
2.50 
2.82 

Pounds. 
195. 400 
238,500 
276.000 
361,600 

Inches. 
3.15 
3.69 
4.05 
4.51 

0.19 
.65 
.75 

1.08 

After  tests  Nos.  1,  2,  and  3  the  stones  were  found  to  be  very  badly  crushed,  many 

having  been  reduced  almost  to  a  powder,  especially  those  immediately  under  the 

load. 

TEST  NO.  4. 

This  test  consisted  in  loauing  a  pile  of  broken  stones  and  observing  the  settlement 
caused  by  the  loading.  The  stone  used  was  crushed  sandstone  which  would  pass 
through  a  ring  1J  inches  in  diameter;  it  had  40  per  cent  voids,  but  under  the  bearing 
plate  on  which  the  load  was  applied  the  voids  were  filled  with  small  broken  stones 
so  as  to  get  a  secure  bearing.  The  pile  of  stone  was  25  inches  wide,  9i  inches  high,  2 
feet  10  inches  long  on  the  top,  and  4  feet  5  inches  long  on  the  bottom.  The  load  was 
applied  on  a  cast-iron  bearing  plate  20  inches  square  which  rested  on  the  top  of  the 
pile  of  stones.  The  following  table  gives  the  loads  and  the  settlement.  The  maxi- 
mum load  reached  was  581,000  pounds,  and  the  maximum  settlement  was  4.4  inches: 

Loads  and  settlements  of  a  pile  of  crushed  sa?idstone. 


Loads. 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Pounds. 
1,400 
2,450 
21,000 

Inches. 

Pounds. 
44,000 
81 , 400 
141,700 

Inches. 
1.73 
2.38 
2.97 

Pounds. 
292,000 
437,000 
581.000 

Inches. 
3.73 
4.10 
4.36 

6.87    | 

COMPRESSIVE    STRENGTH   OF   VARIOUS    MATERIALS. 
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the  test  many  of  (he  stones  were  found  reduced  practically   to  a  powder. 

The  stones  under  the  bearing  plate  were  greatly  disintegrated  and  the  plate  was 

->-d  downward  into  the  stones.     At  the  ends  the  pile  moved  outward  as  the  load 

was  applied,  but  on  the  rides  the  pile  was  confined  by  timbers  which  prevented  lateral 

movement. 

TEST  NO.  5. 

This  test  consisted  in  crushing  a  pile  of  broken  sandstone  of  various  sizes  up  to 
pieces  as  large  as  a  man's  head.  Small  stones  were  placed  under  the  bearing  plate. 
The  stones  were  confined  on  the  sides  but  were  free  on  the  ends  and  were  not  laid 
in  any  order.  The  pile  was  25  inches  wide  and  11J  inches  high;  its  length  was  3  feet 
8  inches  on  top  and  5  feet  at  the  bottom.  The  load  was  applied  by  a  cast-iron  bearing 
plate  on  the  top  of  the  pile,  the  plate  being  20  inches  square.  The  following  table 
gives  the  loads  and  settlements.  The  maximum  load  was  417,000  pounds  and  the 
maximum  settlement  was  4.6  inches. 

Loads  and  settlements  of  a  pile  of  broken  sandstone. 


Load  ■■ 

Settle- 
ments. 

Loads.         **£ 
ments. 

Loads. 

Settle- 
ments. 

Pounds. 
6,500 
21,000 
25,000 
31,500 
33,000 

Inches. 

Pounds.       Inches. 
50,000            1.06 
72,500            1.54 
155,500            2.35 
164.400    !        2.66 

Pounds. 
194, 300 
266,000 
365,000 
417.000 

Inches. 

ii.L'l 

:i.  74 
4.31 
4.61 

0.32 
.46 
.61 
.69 

TEST  NO.  6. 

This  test  consisted  of  applying  a  load  to  a  pile  of  river  sand  by  means  of  a  20  by  20 
inch  bearing  plate.  The  pile  was  8  inches  deep,  2  feet  6  inches  long  on  top,  and  4 
feet  2  inches  long  on  the  bottom,  had  a  width  of  25  inches,  and  was  confined  on  the 
sides  but  not  on  the  ends.  The  maximum  load  reached  was  600,000  pounds,  and  the 
maximum  settlement  was  5  inches. 

TEST  NO.  7. 

This  te-i  consisted  in  crushing  a  pile  of  broken  sandstone,  the  pile  having  40  per 
rent  voids  and  being  of  sizes  that  would  pass  through  ll  ring  1J  inches  in  diameter, 
mixed  with  river  sand  in  proportions  of  ten  volumes  of  the  broken  stone  and  four 
volumes  of  sand.  The  pile  was  10£  inches  in  depth,  25  inches  wide,  2  feet  •">  inches 
long  on  top,  and  -1  feet  6  inches  long  at  the  bottom;  it  was  confined  on  thesides  but  not 
on  the  ends.  The  load  was  applied  on  top  of  the  pile  through  a  20  by  20  inch  bearing 
plate.  The  following  table  shows  the  loads  and  settlements.  The  maximum  load 
was  800,000  pounds  and  the  maximum  settlement  was  4.7  inches. 

Loads  and  settlements  of  a  pile  of  broken  stone  and  sand. 


Loads. 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Pounds. 
2,550 
13,000 
27,300 
52,300 

Inches. 

Pounds. 
100,000 
180.000 
249, 700 
337,600 

Inches. 
2.41 
3.02 
3.39 
3.73 

Pound**. 
488.000 
640.000 
8001000 

Inches. 
4.13 
4.43 
4.69 

6.67 
1.27 
1.82 
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TEST  NO.  8. 

In  this  test  a  cast-iron  cylinder  was  filled  with  coal  culm  flushed  in  with  water. 
A  piston  was  then  placed  on  top  of  the  culm  and  the  whole  was  allowed  to  stand  on  a 
boiler  for  two  days;  the  cylinder  was  then  placed  in  the  testing  machine  and  prepare 
was  applied  to  the  piston,  which  in  turn  communicated  the  pressure  to  the  culm, 
within  the  cylinder.  The  inside  dimensions  of  the  cylinder  were  as  follows:  Diameter, 
6|  inches;  depth,  10|  inches.  The  depth  of  the  culm  in  the  cylinder  was  10  inches. 
The  pressure  was  applied  to  the  piston  and  the  culm  was  compressed  until  the  settle- 
ment reached  2.7  inches  under  a  load  of  200,000  pounds.  This  load  corresponds  to  a 
pressure  of  6,150  pounds  per  square  inch  or  443  short  tons  per  square  foot.  The  loads 
and  settlements  are  given  in  the  following  table: 

Loads  and  settlements  of  vet  coal  culm  confined  in  a  castAron  cylinder. 


LOLl'ls. 

Settle- 
ments. 

t  „„,i„          Settle- 
Loads-         ments. 

Loads. 

Settle- 
ments. 

Pounds. 
100 
1,100 
2,100 
3,100 
4,100 
5,100 
6, 1C0 
7,100 
8,100 
9,100 

Inches. 

Pounds.        Inches. 
10,100            0.66 
12,100              .76 
14.100              .85     1 
16,100              .93 
18,100             1.01 
20,100            1.07 
25.100             1.22 
30,100            1.34 
35,100             1.45 
45.000             1.66 

Pounds. 
55,400 
65,000 
75.000 
85,400 
95,000 
106,300 
124,670 
150,000 
200,000 

Inches. 
1.82 
1.94 
2.04 
2.13 
2.21 
2.32 
2.40 
2.44 
2.73 

0.10 
.19 
.27 
.32 
.36 

.43 
.58 
.03 

TEST  NO.  9. 

This  test  consisted  in  applying  pressure  to  the  piston  of  a  cast-iron  cylinder  in  the 
same  manner  as  in  test  No.  8,  but  the  cylinder  was  filled  with  broken  dry  sandstone 
instead  of  coal  culm.  This  broken  sandstone  had  40  per  cent  voids,  and  the  pieces 
would  all  pass  through  a  ring  1 J  inches  in  diameter.  The  cylinder  was  filled  to  the  top, 
giving  a  depth  of  stone  of  10^  inches.  The  maximum  load  applied  was  300,000  pounds, 
which  caused  a  settlement  of  3£  inches,  or  9,200  pounds  per  square  inch.  As  a  result 
of  the  test,  the  stone  was  completely  crushed  and  compressed  into  the  iron  cylinder 
so  that  it  had  to  be  cut  out  with  a  chisel.  The  loads,  and  settlements  for  this  test 
follow: 

Loads  and  settlements  of  broken  sandstone  confined  in  a  cast-iron  cylinder. 


Loads. 

Sell  le- 
nient s. 

Loads. 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Pounds. 
100 
2,000 
4.000 
6.000 
8.000 
10.000 
12,000 
14,000 

Inches. 

Pounds. 
16,000 
18,000 
20,000 
25,000 
30,u00 
35,000 
40.000 
50. 000 

Inches. 
1.79 
1.89 
1.94 
2.15 
2.32 
2.42 
2.52 
2.  67 

Pounds. 
75,000 
100,000 
125,000 
150,000 
175.000 
22.-).  000 
275.000 
300.000 

Inches. 
2.91 
3.07 
3.18 
3.28 
3.35 
3.51 
3.55 
3.56 

0.  4G 
.72 
1.10 
1.30 

1.43 
1.56 

1.(19 
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TEST  NO.   12. 

This  test  was  similar  to  test  No.  8  except  that  the  cylinder  filled  with  the  eiilm  was 
allowed  to  stand,  with  the  piston  removed,  for  eight  days  over  a  boiler.  The  culm  was 
9  inches  deep  in  the  cylinder,  and  the  pressure  was  applied  t<>  the  piston  until  the 
settleim  in  reached  3  inches  under  a  load  of  300,000  pounds.  This  load  corresponds 
In  a  pressure  of  9,200  pounds  per  square  inch.  Although  the  culm  had  been  drying 
for  eight  days,  there  was  considerable  water  in  it;  thewaterwas  squeezed  out  during 

the  test.     The  loads  and  settlements  for  this  test  follow. 

Loads  dud  settlements  of  damp  culm  confined  in  a  cast-iron  cylinder. 


I.O.lilx. 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

ments. 

Pounds. 
500 
1.000 
2.000 
5,000 
10,000 
15,000 

Inches. 

Pounds. 
20,000 
30,000 
40,000 
50,000 
75,000 
100.000 

Inches. 
1.210 
1.501 
1.708 
1.871 
2.  1ms 
2.  373 

Pounds.       Inches. 
150.000          2fi.il 

0. 067 
.175 
.  152 
.786 

1.025 

200,000 
250,000 

300,000 

2.762 
2. 870 
2.999 

TEST  NO.   13. 

This  test  was  exactly  similar  to  tesl  No.  8,  except  that  the  cast-iron  cylinder  was  filled 
with  dry  Delaware  River  sand;  the  sand  was  placed  in  the  cylinder  and  settled  by 
shaking  until  it  was  flush  with  the  top.  The  load  was  then  applied  to  the  piston  until 
a  maximum  pressure  of  300,000  pounds,  with  a  corresponding  settlement  of  3.4  inches, 
was  reached.     The  table  showing  loads  and  settlements  follows. 

Loads  and  settlements  of  dry  Delaware  River  sand  confined  in  a  cast-iron  cylinder. 


Loads. 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Pounds. 

100 

500 
1.000 
2,000 
5,000 
10.000 
15,000 

Inches. 

Pounds. 
20,000 
30.000 
40.000 
50.000 
75.000 
100,000 
125,000 

Inches. 
1.22 
1.46 
1.66 
1.83 
2.15 
2.39 
2.59 

Pounds. 
150,000 
175,000 
200.000 
250,000 
300,000 

Inches. 
2.  75 
2.89 
3.01 
3.20 
3.35 

o.  13 
.25 
.41 
.65 

.VI 

1.07 

TEST  NO.  10. 

This  test  consisted  in  applying  pressure  to  the  piston  of  the  cylinder  in  the  same 
manner  as  in  test  No.  9;  the  broken  sandstone  had  40  per  cent  voids;  the  pieces  would 
all  pass  through  a  ring  If  inches  in  diameter,  and  all  voids  were  filled  with  river  sand. 
The  cylinder  was  filled  to  the  top,  giving  the  mixture  of  stone  and  sand  a  depth  of 
10-rV  inches.  The  maximum  load  applied  was  300,000  pounds,  or  9,200  pounds  per 
square  inch,  which  corresponded  to  a  settlement  of  2.4  inches.  As  a  result  of  the  test 
the  stone  was  completely  crushed  and  compacted  in  the  iron  cylinder.  Loads  and 
settlements  for  the  test  follow. 
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Loads  and  settlements  of  a  mixture  of  broken  sandstone  and  river  sand  confined  in  a  cast- 
iron  cylinder. 


Loads. 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Pounds. 
100 

1,000 
2,000 
4,000 
6,000 
8,000 

Inches. 

Pounds. 
10,000 
15,000 
20,000 
30,000 
40,000 
50,000 

Inches. 
1.01 
1.16 
1.27 
1.43 
1.55 
1.65 

Pounds. 
75,000 
100,000 
150,000 
200,000 
250.000 
300.000 

Inches. 
1.83 
1.95 
2.12 
2.25 
2.34 
2.42 

0.25 
.46 
.66 
.84 
.95 

TEST  NO.  11. 

This  test  consisted  in  applying  a  pressure  to  the  piston  of  the  cylinder  in  the  same 
manner  as  in  test  No.  9;  but  cinders,  formed  by  burning  anthracite  coal  under  boilers, 
were  used  in  the  cylinder  instead  of  culm.  The  cylinder  was  filled  to  the  top  with 
the  cinders,  which  had  64  per  cent  voids.  The  maximum  load  applied  was  300,000 
pounds,  or  9,200  pounds  per  square  inch,  corresponding  to  a  settlement  of  5.3  inches. 
The  loads  and  settlements  for  this  test  follow: 

Loads  and  settlements  for  anthracite-coal  cinders  confined  in  a  cast-iron  cylinder. 


Loads. 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Pounds. 
100 
700 
1,400 
2,400 
4,000 
6,000 

Inches. 

Pounds. 
10,000 
14,000 
20,000 
34,100 
60,000 

Inches. 
2.85 
3.23 
3.55 
3.99 
4.41 

Pounds. 
100,000 
150,000 
200,000 
250,000 
300,000 

Inches. 
4.74 
4.98 
5.14 
5.25 
5.33 

0.45 
.93 
1.38 
1.89 
2.34 

TEST  NO.  14. 

Pure  sand  was  flushed  into  a  cylinder.     The  sand  was  allowed  to  dry  for  a  period 
of  48  hours.     The  top  of  the  sand  was  1$  inches  below  the  top  of  the  cylinder. 
The  following  are  the  results  of  the  test: 

Loads  and  tests  of  Delaware  River  sand  confined  in  a  cylinder. 


Loads. 

ments. 

Settle- 
ments. 

Loads. 

Settle- 
ments. 

Pounds. 
650 
2,000 
5,000 
10,000 
20,000 
30,000 

Inches. 

Pounds. 
40,000 
50,000 
75,000 
100,000 
125.000 

Inches. 

0.56 

.67 

.90 

1.00 

1.25 

Pounds. 
160,000 
175,000 
200,000 
250,000 
300,000 

Inches. 
1.39 
1.51 
1.60 
1.79 
1.93 

0.05 
.12 

a. 21 
.31 
.46 

a  Water  appeared  on  surface  of  sand. 
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TEST  NO.  15. 

A  pile  of  blue  coal  measures  sandstone,  in  pieces  3  inches  to  6  inches  square,  the 
pile  DMMDring20j  inches  n  ide,  3  feel  3  inches  long  on  the  top,  and  9  inches  deep,  voids 
ith  a  -mall  quantity  of  broken  Potsdam  sandstone  for  bearing.    On  the 
sides  ih''  :'»  feel  :;  inches  dimension  was  confined  by  6-inch  by  8-inch  timbers;  the 
plate  of  the  machine  ami  the  I  beams  confined  the  material  on  the  top  and  bot- 
tom.    On  the  end-  the  material  was  free  to  move  outward,  but  in  the  test  there  was 
wry  little  movement  at  the  ends.     The  loads  were  applied  to  the  top  of  the  pile  in 
increments,  ami  the  maximum  load  reached  was  GOO, 000  pounds. 
The  following  table  gives  tie-  loads  ami  the  settlements  corresponding  thereto: 

Table  of  loads  am/  settlements. 


—     ■ 

Loads. 

Settle- 
ments. 

Loads. 

Sot  Mo- 
ments. 

Loads. 

Settle- 
ments. 

Pou  nds. 

3.100 

6,000 

8.000 

10.000 

15,000 

20.000 

25,000 

30,000 

41,000 

50.000 

60,000 

70,000 

Inches. 

I'nunds. 
80,000 

Inches. 

II   si 

Pounds. 
232,000 
305.000 
321,700 
352, 000 
375,000 
395, 000 
425,000 
460,000 
500,000 
525,000 
554,000 
600,000 

Inches. 
1.56 

1.57    | 
1.1.7 
1.76 
1.82 
1.89 
1.97 
2.05 
2.10 
2.17 
2.25 
0  2.43 

'.in.  linn                  8S 

o.  ix; 

.12 

.18 

.255 

.325 

.375 

.48 

.55 

.62 

.73 

100,000 

llii. Ill  Ml 
120,000 
140.  IKK) 
162,000 
180,200 
201,500 

240,000 

260,000 

.95 
1.00 
1.06 

1.15 
1.25 
1.30 
1.38 
1.43 
1.48 

a  This  settlement  is  equivalent  to  27  per  cent. 


Yours,  very  truly, 


Frank  P.  McKibben. 
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